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OU  Operable Unit 

PAH  polynuclear aromatic hydrocarbons 

Pb  lead 

PCB  polychlorinated biphenyl compounds 

PCE  tetrachloroethene 

ppb  part per billion 

PPE  personal protective equipment 

ppm  part per million 

PQL  Practical Quantitation Limit 

PRB  permeable reactive barrier 

PRG  Preliminary Remediation Goal 

PRP  Potentially Responsible Parties 

RAO  remedial action objective 

RI  Remedial Investigation 

RI/FS  Remedial Investigation/Feasibility Study 

RCRA  Resource Conservation and Recovery Act 

RME  reasonable maximum exposure 

ROD  Record of Decision 

RTC  (Anderson) Regional Transportation Center 

SEL  severe effects level  

SEM  selective extractable metals 

SVOC  semi-volatile organic compound 

SW  surface water 

SY  square yard 

TBC  To Be Considered 
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TCA  trichloroethane 

TCE  trichloroethene / trichloroethylene 

TCLP  Toxicity Characteristic Leachate Procedure 

TDS  total dissolved solids 

TNT  trinitro-toluene 

TOC  total organic carbon 

TPH  total petroleum hydrocarbons 

TRV  toxicity reference value 

TSS  total suspended solids 

TtNUS  Tetra Tech NUS, Inc. 

UCL  Upper Confidence Limit 

µg/kg  microgram per kilogram 

µg/L  microgram per liter 

USFWS United States Fish and Wildlife Service 

VOC  volatile organic compound 

XRF  X-ray Fluorescence (Spectroscopy) 

ZVI  zero valent iron 
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E.0  EXECUTIVE SUMMARY 

 

This report presents the findings of the Feasibility Study (FS) performed for the Industri-plex 

Superfund Site Multiple Source Groundwater Response Plan (MSGRP) Operable Unit 2 and 

including Wells G&H Superfund Site Aberjona River Study Operable Unit 3 (Study Area) located 

in Woburn, Massachusetts.  This report relates the process used to evaluate a variety of 

approaches to address contaminated soil, groundwater, sediment, and surface water at the Site. 

This FS Report was prepared by Tetra Tech NUS, Inc. for the United States Environmental 

Protection Agency (EPA) under Work Assignment No. 116-RICO-0107, Contract No. 68-W6-

0045. 

 

E.1  Site Background 

 

The Industri-plex Superfund Site (Industri-plex Site) is a 245-acre industrial park located in the 

northeast corner of Woburn, Massachusetts near the intersection of two major highways, I-93 

and I-95 (Figure ES-1). The Industri-plex Site is bordered by two major interstate highways and 

by commercial and light industrial properties. The Aberjona River flows through a portion of the 

Industri-plex Site. Several associated tributaries, drainways, and wetlands also traverse or are 

situated on the Industri-plex Site.  Currently, the Industri-plex Site is occupied by numerous 

active retail, commercial, and light industrial businesses. 

 

From 1853 through 1931, the Industri-plex Superfund Site was home to various chemical 

manufacturing operations that principally produced chemicals for the local textile, leather and 

paper industries; the main products being sulfuric acid and related chemicals.  Other chemicals 

produced at this facility included arsenic insecticides, acetic acid, dry colors, and organic 

chemicals including phenol, benzene, picric acid, toluene, and TNT. Beginning in 1935, the 

plant was dedicated to the manufacturing of glue from animal hides until mid-1969 when 

operations ceased and the property was vacated.  

 

In December 1968, a private developer purchased portions of the chemical company property 

with the intent to develop the land into an industrial park to be called “Industri-plex 128”.  From 

early 1970 to 1979, development activities involved filling and excavating portions of the 

property to facilitate the sale of various parcels.  Excavations uncovered chemical and glue 

manufacturing wastes, including decaying animal hides. In addition to two existing waste 
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stockpiles  (i.e. East Central Hide Pile and South Hide Pile), some of these waste deposits were 

excavated and either trucked off site, buried on the southern Boston Edison Company (BECO) 

right-of-way, or stockpiled in two new waste piles (i.e. West and East Hide Piles).    

 

The releases of metals and organic compounds at the Industri-plex Site have resulted in onsite soil 

contaminant levels that exceed those in background and offsite reference locations. The 

contaminants gradually dispersed into the surrounding environmental media and have resulted in 

the contamination of soil, groundwater, surface water, sediments, and biota.   

 

The Industri-plex Site was listed on the Superfund National Priorities List in 1983, and in 1986, 

EPA completed a Record of Decision (ROD) that selected a cleanup remedy that included soil, 

air, and interim groundwater remedies.  The soil remedy consisted of capping 

arsenic/lead/chromium contaminated soils and hide piles; the air remedy included construction 

of an impermeable cap and a gas collection and treatment system at the East Hide Pile; and 

groundwater was to be remediated in the interim through the construction of a treatment system 

for benzene and toluene “hot spot” areas.  Institutional controls were considered a crucial part of 

the soil remedy to maintain the integrity of the cap into the future.   

 

To fully understand the site-specific and area-wide groundwater issues, two additional studies 

were conducted; the Groundwater/Surface Water Investigation Plan (GSIP) to assess the 

Industri-plex Site related groundwater, surface water, and sediment contamination on site; and 

the Multiple Source Groundwater Response Plan (MSGRP) to evaluate area-wide 

contamination issues outside of the GSIP study area.   

 

In 2002, EPA combined a similar surface water and sediment investigation being performed at 

the Wells G&H Superfund Site Aberjona River Operable Unit 3 into the MSGRP RI to more 

efficiently evaluate contamination and risk issues for the entire Aberjona River and ultimately 

develop one remedial decision for the river.   As a result, the MSGRP RI Study Area for surface 

water and sediments was expanded to include the southern reaches of the Aberjona River from 

I-95-South, through the Wells G&H Site, to the Mystic Lakes (i.e. Southern Study Area).   The 

MSGRP RI Study Area is also illustrated on Figure ES-1. The following sections briefly describe 

the findings of the comprehensive MSGRP RI. 
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E.2   Summary of Findings of the MSGRP RI 

 

The MSGRP RI Study Area is divided into reaches based on similarity of habitat, species, and 

accessibility, which are shown on Figure ES-2 and are generally described as follows: 

 

MSGRP RI STUDY AREA 

NORTHERN 
STUDY AREA Reach 0 Industri-plex Site, northern section of Aberjona River, and the HBHA 

Pond and Wetlands south to I-95. 

Reach 1 From I-95, south to Salem Street, including the Wells G&H wetlands 

Reach 2 Salem Street south to the river crossing at Washington Street in 
Winchester, including the Cranberry Bog Conservation Area 

Reach 3 Washington Street south to Swanton Street, including Davidson Park 

Reach 4 Swanton Street south to Mill Pond in Winchester center 

Reach 5 Mill Pond outlet south to Upper Mystic Lake inlet 

SOUTHERN 
STUDY AREA 

Reach 6 Upper Mystic Lake, including upper and lower forebays, and Lower 
Mystic Lake to the Mystic River. 

 

The following sections describe the significant findings of the environmental investigations 

conducted as part of the MSGRP RI.   

 

E.2.1  Significant Contaminant Sources 

 

Heavy metals are the principal contaminant of concern throughout both the Northern and 

Southern Study area, with arsenic representing the most significant metal present at elevated 

concentrations throughout the system.   The most significant source of metals contamination in 

both the Northern and Southern Study Areas has been from the Industri-plex Superfund Site.  

Historical releases include releases from surface water, sediment and soil since operations 

began in the 1850s until the protective remedial cap was implemented in the mid 1990s (the 

Aberjona River flowed through the middle of the Industri-plex Site until the 1970s when it was 

redirected along Commerce Way), as well as historical groundwater releases.   Although the 

contaminated soils have been capped, they continue to impact Site groundwater which is 

discharging to the HBHA Pond, and Aberjona River.  Once discharged to the surface water 

bodies, sediments are impacted and the contaminants continue transport further downstream as 

part of the suspended solid load or in the dissolved state through diffusion processes.  Current 
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releases include releases from groundwater, sediment and soil (total suspended solids) and 

sediment diffusion (dissolved arsenic).   

 

Several organic contaminants were detected in soils and groundwater in the Northern Study 

Area.  However, benzene was the most frequently detected VOC at concentrations exceeding 

the MADEP GW-2 and GW-3 standards for groundwater.  The highest concentrations of 

benzene were observed in the shallow groundwater in two areas of the site:  between the East 

Central Hide Pile and the South Hide Piles; and within a localized area along the eastern edge 

of the West Hide Pile.  High concentrations of benzene were observed in the deeper 

groundwater extending from the southern side of Atlantic Avenue to the central portion of the 

HBHA Pond.  In general, the overall benzene plume, extending in both the shallow and deeper 

groundwater, is located in the vicinity of Atlantic Avenue south to the HBHA Pond.  These 

plumes were found to discharge into the HBHA Pond.  

 

Other organic compounds, such as naphthalene and trichloroethene (TCE), were also observed 

sporadically in groundwater samples in the vicinity of the HBHA Pond.  TCE was also observed 

in another area approximately 0.5 mile south of the Site, generally located south and southwest 

of Cabot Road, in the vicinity of the former Mishawum Lake. However, based on the available 

groundwater data, it appears that the source of the TCE south of Cabot Road is not related to 

the Site.  

 

E.2.2  Contaminant Migration 

 

The fate and transport of contaminants involve complicated and interdependent processes that 

affect the mobilization of contaminants between various media and from reach to reach with the 

MSGRP RI Study Area.  The principal source of contamination within the MSGRP Study Area is 

the soils underlying the Industri-plex Site.  These contaminated soils are impacting groundwater, 

which in turn discharge to the HBHA Pond and wetlands and northern portions of the Aberjona 

River, subsequently impacting surface water.  The surface water flows from the HBHA and 

Aberjona River combine at Mishawum Road and represents the primary contaminant transport 

vehicle for downgradient receptors.  While the applicable fate and transport processes are 

generally the same throughout the Study Area, the impacted media and contaminants of 

concern vary from the northern portions of the Study Area to the lower portions of the Study 

Area and are summarized as follows: 



DRAFT FINAL 

RI051270DF  Tetra Tech NUS, Inc.   E-5 

 

 

The primary groundwater and surface water migration pathways are illustrated in Figure ES-3. 

 

Leaching is the most significant ongoing transport process for metals in soils underlying the 

Industri-plex Site and impacting groundwater.  Once in groundwater, contaminants continue to 

migrate via advection, diffusion, and dispersion processes.  Significant contaminants found in 

groundwater include arsenic, benzene, toluene, and to a lesser degree lead and zinc.  Once in 

the groundwater, contaminants are transported through groundwater flow paths and are 

predominantly discharged to the northern portions of the HBHA Pond, impacting sediments and 

surface water.   

 

Constructed as a storm water management system during the early 1970s, the HBHA Pond is a 

large rectangular open surface water body at the northern end of the HBHA which receives 

groundwater discharges directly from the Industri-plex Site.  The HBHA Pond is unique in that, 

due to the presence of a specific conductance chemo-cline induced by inputs of reduced 

groundwater originating from the Industri-plex Site and oxygenated surface water from Halls 

Brook, dissolved metals in groundwater are being partially sequestered in the HBHA Pond 

sediments.  This chemocline also supports the biodegradation of benzene contaminants that are 

also being discharged by groundwater originating from the Industri-plex Site.  As a result of the 

chemocline, high concentrations of dissolved arsenic and benzene and high conductivity are 

detected in deeper portions of the pond’s surface water, while very low concentrations are in the 

shallow surface water.   

 

These attenuation processes however, are incomplete and some metals, primarily arsenic and 

iron, are being released into surface water as part of the suspended sediment load or in the 

dissolved state. These releases are occurring during both baseflow and storm flow conditions. 

ABERJONA RIVER SECTION IMPACTED MEDIA CONTAMINANTS  OF 
CONCERN 

Reach 0 
(Industri-plex Site and the HBHA) 

Soils, Groundwater, Sediment, 
Surface water 

VOCs, SVOCs, Metals 

Reach 1 
(38-acre Wells G&H wetland) 

Sediment, Surface water, 
Groundwater 

Metals 

Reach 2 to Reach 6 
(Cranberry Bog Conservation Area to 

the Mystic Lakes) 
Sediment, Surface water Metals 
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During storm flow conditions however, the chemo-cline is destabilized and the amount of metals 

entering the water column and being transported further downstream is much greater.  EPA 

studies have shown that it may take as long as 1 month to restore the chemo-cline in the HBHA 

Pond after a significant storm event.  Although surface water data have generally not identified 

metals exceeding National Ambient Water Quality Criteria (NAWQC) standards, except in the 

deeper surface water at the HBHA Pond, the mass of metals represent a source of 

contamination to downstream depositional areas.  

 

Although organic contaminants have been found to naturally attenuate in the water column 

either through dilution, biodegradation, or chemical degradation, heavy metals were found to 

migrate further downstream.   Depending on the geochemical and flow conditions, dissolved 

metals in the water column may absorb to suspended solids, such as fine grained soil particles 

or other metal complexes and either precipitate and become part of the sediment bed load or be 

transported further downstream as part of the suspended solid load within the water column and 

be deposited at locations downstream. As part of the sediment bed load and depending on the 

geochemical conditions, metals may dissolve from the sediment particle back into the surface 

water column, whereby the cycle of dissolution and precipitation would continue.  This cycling 

was mostly observed within portions of the HBHA that exhibited significant anoxic/reduced 

conditions, specifically, within the HBHA Pond.  However, whereas wetlands in general typically 

exhibit reduced conditions or present a significant source of sulfides under oxic conditions, this 

cycling may be occurring in other portions of the MSGRP Study Area such as the Wells G&H 

wetlands. 

 

The surface water investigation has shown that the metal concentrations are greater in the 

Northern Study Area (north of I-95 – Reach 0) and progressively decrease as the river 

continues south to the Mystic Lakes, which is essentially the final depositional area for these 

metals.   Arsenic was the most prevalent metal observed in surface water throughout the entire 

study area of the river.  The most significant declines were observed between the HBHA outlet 

and the Wells G&H wetlands outlet indicating deposition of suspended solids to the sediment 

bed.   

 

Sediment samples also follow a similar trend in that the highest concentrations of metals were 

detected in depositional areas in the northern reaches of the Aberjona River, specifically in the 

HBHA (Reach 0), the Wells G&H wetlands (Reach 1), and the Cranberry Bog Conservation 



DRAFT FINAL 

RI051270DF  Tetra Tech NUS, Inc.   E-7 

Area (northern part of Reach 2).   These data suggest that the metals originating from the 

Northern Study Area (i.e. HBHA Pond and wetlands) are being deposited in downstream 

wetland areas or quiescent sections of the river. 

 

E.3  Risk Assessments  

 

The data collected during this investigation was evaluated for potential human health and 

ecological risks.  Separate baseline risk assessments were completed for the Northern Study 

Area and the Southern Study Area.  The results of these assessments have been evaluated, 

combined and refined into a comprehensive risk evaluation for the Industri-plex Site and the 

entire Aberjona River and presented in the MSGRP RI Report.  The following sections 

summarize the findings of the comprehensive risk evaluations.  

 

E.3.1  Summary of Human Health Risks 

 

The potential non-carcinogenic hazards and carcinogenic risks were estimated for adults and/or 

children assumed to contact contaminants in surface water, sediment, sediment cores, fish 

tissue, soil, groundwater, and soil gas.  Cumulative receptor risks and hazards, summed across 

all applicable media and pathways for each exposure area, were estimated and compared to 

the target cancer risk range and non-carcinogenic target hazard index established by EPA for 

the protection of human health.  As identified in the baseline human health risk assessments 

and supported by EPA, the following table summarizes the contaminants, media, and locations 

exceed risk management guidelines established for human exposures (refer to Figure ES-4 for 

sediment and soil locations and Figure ES-5 for monitoring well locations): 

 

HUMAN  HEALTH  RISK 

RISK AREA SCENARIO/ 
RECEPTOR 

IMPACTED 
MEDIA 

MAJOR CONTAMINANT 
CONTRIBUTING TO RISK 

Industri-plex Site 
(Reach 0) 

Future Construction 
Worker 

Groundwater (NC) - Arsenic 

Industri-plex Site / 
HBHA Pond Area 

(Reach 0) 
Future Industrial Worker Groundwater, 

Indoor air 

(NC) - Benzene, 
naphthalene, arsenic 
(C)- Trichloroethene  

Former Mishawum 
Lake & South of Cabot 
Road Area (Reach 0) 

Future Industrial Worker Groundwater, 
Indoor air 

(C)- Trichloroethene   
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HUMAN  HEALTH  RISK 

RISK AREA SCENARIO/ 
RECEPTOR 

IMPACTED 
MEDIA 

MAJOR CONTAMINANT 
CONTRIBUTING TO RISK 

Industri-plex Site / 
HBHA Pond Area 

(Reach 0) 
Future Car Wash Worker Indoor air 

(C)- Trichloroethene              
(NC) - Benzene, 
naphthalene 

Former Mishawum 
Lake & South of Cabot 
Road Area (Reach 0) 

Future Car Wash Worker Indoor air (C)- Trichloroethene              
 

Wells G&H Wetland 
(Reach 1); and Former 
Cranberry Bog (upper 

Reach 2) 

Current/ Future 
Recreational Exposure 

Sediment (C) – Arsenic 
(NC) - Arsenic 

HBHA (Reach 0); and 
Wells G&H Wetland 

(Reach 1) 

Future Dredger/ 
Construction Worker Sediment (NC) – Arsenic 

Future Day Care Child 
(surface soil) 

Soil (C) – Arsenic 

Future Day Care Child 
(subsurface soil) Soil (C) – Arsenic 

Former Mishawum 
Lake Area (Reach 0) 

Future Const. Worker 
(subsurface soil) Soil (NC) - Arsenic 

(NC) – Non-carcinogenic Hazard  (C) – Carcinogenic Risk 

 

E.3.2  Summary of Ecological Risks 

 

Comprehensive studies were conducted to estimate potential risks to ecological receptors 

throughout the study areas, exposed to contaminants in surface water, sediment, soil, and biota.   

 

Receptor populations or communities included representative mammals, birds, fish, and 

invertebrates.  Based upon the evaluation conducted under this Baseline Ecological Risk 

Assessment Summary for the combined study areas, and supported by EPA, significant 

ecological risks are present in the HBHA Pond within Reach 0 of the Northern Study Area 

immediately downstream of the current Industri-plex Superfund Site boundaries.  These 

significant risks were primarily associated with metals contamination, particularly arsenic, in the 

sediment and their toxicological effects on the benthic invertebrate community (see Figure 

ES-4). 
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Risks to aquatic organisms are also associated with observed high concentrations of benzene 

and dissolved arsenic in the deep water of the HBHA Pond.  Dissolved arsenic concentrations 

were measured significantly above NAWQC values for aquatic life. These risks are consistent 

with the observed impairment of benthic invertebrates in the deep water of the HBHA Pond.  

These significant risks are considered unacceptable ecological risks to the HBHA Pond.    

 

Risks to receptors downgradient of HBHA Pond are low.  These include the low risks to benthic 

invertebrates and herbivorous mammals associated with high concentrations of arsenic in 

sediment. These low risks are not considered unacceptable ecological risks to ecological 

communities in the HBHA Wetlands, Wells G&H 38-acre wetland, and Former Cranberry Bog.    

E.4  Feasibility Study Objectives 

 

The objective of the FS is to develop and evaluate alternatives that address contaminated media in 

the MSGRP Study Area.  The general FS process consists of the following general steps: 

 

•  Identify the media that require remedial actions. 

•  Develop remedial action objectives (RAOs) for each media of concern that are protective of 

human health and the environment.  

•  Develop general response actions for groundwater that define measures that may be taken 

singly or in combination to satisfy the RAOs for the MSGRP Study Area. Identify the 

volumes or areas of media to which the general response actions might be applied. 

•  Identify and screen the technologies applicable to each general response action. 

•  Develop and evaluate remedial alternatives to address the RAOs. The alternatives use 

different combinations of general response actions and technology types to provide 

different levels of risk reduction. 

 

E.5  Identification of the Media of Concern 

 

Identification of the media of concern for the site was based on the results of the RI and the site-

specific human health and ecological risk assessments.  The risk assessments identified 

unacceptable human health risks and hazards associated with soil located in the former Mishawum 

Lake area, with groundwater generally located in the vicinity of the Industri-plex Site and HBHA 

Pond area, with sediments located in near shore depositional areas in the Wells G&H wetland and 
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the Cranberry Bog Conservation Area, and with deep sediments located in sections of the HBHA 

wetlands and the Wells G&H wetlands.  Unacceptable ecological risks were associated with 

sediments and deep surface water in the HBHA Pond.   

 

E.6  Remedial Action Objectives 

 

The RAOs were formulated to be protective of human health and the environment. The RAOs were 

developed considering the identified risks, contaminants of concern, and the preliminary 

remediation goals developed for the MSGRP Study Area and are as follows: 

 

Soil 

The soil RAO for protection of human health is: 

•  Prevent exposures associated with an incremental lifetime cancer risk greater than 10-6 

to 10-4 and or a HI greater than 1 by meeting the associated PRGs for the following 

scenarios: 

- Ingestion and dermal contact of arsenic by children at a future day care center for 

surface and subsurface soil within the former Mishawum Lake bed area and 

- Ingestion and dermal contact of arsenic by a future excavation worker for 

subsurface soil within the former Mishawum Lake bed area. 

Groundwater 

The groundwater RAOs for the Industri-plex Site/HBHA Pond area for the protection of human 

health are: 

•  Prevent exposures associated with an ILCR greater than 10-6 to 10-4 and/or HI greater 

than 1 by meeting the associated PRGs for the following scenarios: 

- Ingestion, dermal contact, and/or vapor inhalation of arsenic, benzene, 

naphthalene, trichloroethene, and 1,2-dichloroethane by an industrial worker 

using groundwater as process water, 

- Ingestion and dermal contact of arsenic by an excavation worker, and 

- Vapor inhalation of benzene, naphthalene, trichloroethene, and 1,2-

dichloroethane by a car wash worker using groundwater in the job. 

 

The groundwater RAO for protection of the environment addresses groundwater discharges to 

the HBHA Pond and its impact on surface water, and is as follows:  
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•  Protect benthic invertebrates and aquatic life from exposure to levels of benzene and 

arsenic indicative of impairment due to groundwater discharges or provide alternative 

habitat (HBHA Pond only in the event that the HBHA Pond is used as a component of 

the remedy). 

 

Sediment 

The following sediment RAOs were developed for the protection of human health: 

•  Prevent exposures to sediment associated with an ILCR greater than 10-6 to 10-4 and/or 

HI greater than 1 by meeting the associated PRGs for the following scenarios: 

- Ingestion and dermal contact of accessible arsenic and benzo(a)pyrene for 

current and future recreational land use at the Wells G&H wetland stations WH, 

NT-3, and 13/TT-27, 

- Ingestion and dermal contact of accessible arsenic for current and future 

recreational land use at the Cranberry Bog Conservation Area station CB-03, and 

- Ingestion and dermal contact of arsenic for future dredging workers at sediment 

core locations SC02 (HBHA wetland) and SC05, SC06, and SC08 (Wells G&H 

38-acre wetland). 

•  Minimize to the extent practicable, the migration of soluble and particulate arsenic during 

storm events to downstream depositional areas. 

 

The following RAO was developed to address ecological risks in the HBHA Pond due to 

contamination in sediment:   

•  Protect benthic invertebrates from toxicological impacts indicative of impairment as 

compared to reference habitats or provide alternate habitat in the event that the HBHA 

Pond is used as a component of the remedy. Meet ARARs for the protection of aquatic 

life. 

 

Surface Water 

The following RAO was developed address ecological risks in the HBHA Pond due to 

contamination in the deep surface water: 

•  Protect aquatic life from arsenic and benzene above levels indicative of impairment or 

provide alternate habitat.  Meet ARARs for the protection of aquatic life. 
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E.7  Remedial Action Alternatives Summary  

 

Twenty seven remedial alternatives were developed to address the RAOs for the specific media of 

concern and were based on the environmental setting where the specific medium was located.  

These areas present unique challenges in addressing the contamination problems and typically 

require different methods and approaches to meet the RAOs.  For example sediments requiring 

remediation are located in three distinctly different areas that include: in a large open water pond 

(HBHA Pond); in shallow wetland areas where the water depth is generally less than 2 feet deep 

(near shore sediments of the Wells G&H wetland and the Cranberry Bog Conservation Area); and 

in buried deep sediments in deeper wetland areas of the river or stream channel in the HBHA 

wetlands and the Wells G&H wetlands.  Remedial alternatives developed for one type of sediment 

may not be practical or feasible for another.  

 

These 27 alternatives were formulated by combining technologies and general response actions 

retained following a screening evaluation of 72 technologies for effectiveness, implementability, 

and cost.  Although the alternatives are media-specific, in most-cases, the media and alternatives 

are inter-related such that one alternative for a particular medium may impact the remedial 

alternative options for other downgradient media.  For example, since contaminated groundwater 

discharges are responsible for sediment contamination in the HBHA Pond, any sediment 

alternative would be dependent upon the actions taken to eliminate the groundwater sources of 

contamination otherwise the sediment remedy could become re-contaminated.   

 

The 27 alternatives that were selected for detailed analysis and evaluation in the FS are briefly 

described below by media: 

 

Surface Soil (0 to 3 feet below grade) in the former Mishawum Lake bed area – (SS): 

•  Alternative SS-1:  No Action 

o A baseline alternative to which other surface soil alternatives may be 

compared. No remedial actions are taken under this alternative. 

•  Alternative SS-2:  Institutional Controls with Monitoring 

o Provides protection of human health by controlling potential exposures to 

contaminated soil through the implementation of institutional controls whereby 

use of the properties for a day care facility would not be allowed. Excavations 

without regulatory oversight and adequate worker health and safety precautions 
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would also be prohibited.  This alternative includes a groundwater monitoring 

component to ensure that contaminated soils left in-place do not impact 

groundwater and create an unacceptable risk or hazard in the future.  

•  Alternative SS-3:  Permeable Cover and Monitoring with Institutional Controls 

o Provides protection of human health by preventing or controlling potential 

exposures to contaminated soil through the construction of a protective barrier 

or cap over the contaminated soils.  In addition, institutional controls would be 

required to ensure that the cover is protected through deed restrictions or other 

appropriate institutional controls and maintenance.  This alternative includes a 

groundwater monitoring component to ensure that contaminated soils left in-

place do not impact groundwater and create an unacceptable risk or hazard in 

the future. 

•  Alternative SS-4:  Excavation and Off-Site Disposal 

o All surface soils exceeding the arsenic PRG will be excavated and transported 

offsite for disposal at an approved, licensed facility.  This alternative would 

provide permanent elimination of risks to human health resulting from future 

exposures to arsenic in surface soils. 

•  Alternative SS-5:  Excavation, Treatment, and On-Site Reuse 

o All surface soils exceeding the arsenic PRG will be excavated, treated onsite to 

remove arsenic, and then placed back into the excavations.  No offsite disposal 

of wastes would be required except for those wastes generated during the 

treatment process (i.e. contaminated rinsate).  This alternative would provide 

permanent elimination of risks and hazards to human health resulting from 

future exposures to arsenic in surface soils. 

 

Subsurface Soil (3 to 15 feet below grade) in the former Mishawum Lake bed area - (SUB): 

•  Alternative SUB-1:  No Action 

o A baseline alternative to which other subsurface alternatives may be compared. 

No remedial actions are taken under this alternative. 

•  Alternative SUB-2:  Institutional Controls with Monitoring 

o Provides protection of human health by controlling potential exposures to 

contaminated subsurface soil through the implementation of institutional controls 

whereby excavations would be prohibited without regulatory oversight and 

adequate worker health and safety precautions.  This alternative includes a 
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groundwater monitoring component to ensure that contaminated soils left in-place 

do not impact groundwater and create an unacceptable risk or hazard in the future.  

•  Alternative SUB-3:  Permeable Cover and Monitoring with Institutional Controls 

o Provides protection of human health by preventing or controlling potential 

exposures to contaminated subsurface soil through the construction of a protective 

barrier or cap over the contaminated soils.  In addition, institutional controls would 

be required to ensure that the cover is protected through deed restrictions or other 

appropriate institutional controls and maintenance.  This alternative includes a 

groundwater monitoring component to ensure that contaminated soils left in-place 

do not impact groundwater and create an unacceptable risk or hazard in the future. 

 

Groundwater - (GW) 

•  Alternative GW-1: No Action 

o A baseline alternative to which other groundwater alternatives may be compared. 

No remedial actions are taken under this alternative. 

•  Alternative GW-2: Pond Intercept with Monitoring and Institutional Controls 

o Provides protection of human health by preventing or controlling potential 

exposures to contaminated groundwater through institutional controls to address 

potential human health risks and hazards associated with direct contact, 

inhalation, and ingestion exposures by preventing groundwater withdrawals. 

GW-2 also controls the downstream migration of contaminated groundwater to 

areas in the HBHA wetlands and the Aberjona River by intercepting contaminant 

plumes at the HBHA Pond where natural processes can degrade or sequester the 

contaminants.   

•  Alternative GW-3: Plume Intercept by Groundwater Extraction, Treatment and Discharge 

and Monitoring  with Institutional Controls  

o Provides protection of human health by preventing or controlling potential 

exposures to contaminated groundwater through institutional controls to address 

potential human health risks and hazards associated with direct contact, 

inhalation, and ingestion exposures by preventing groundwater withdrawals. This 

alternative is an active groundwater extraction and treatment alternative that 

consists of a groundwater extraction system that would intercept and treat  

groundwater contaminant plumes prior to their discharge into the HBHA Pond 

thus preventing the continued discharge of groundwater contaminants into the 
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HBHA Pond and preventing the continued migration of contaminants through 

surface water and sediments to areas downstream. In addition, GW-3 

incorporates in-situ bio-enhancement treatment through oxygen injection to treat 

benzene at the West Hide Pile.  

•  Alternative GW-4: Plume Intercept by In-Situ Groundwater Treatment and Monitoring with 

Institutional Controls  

o Provides protection of human health by preventing or controlling potential 

exposures to contaminated groundwater through institutional controls to address 

potential human health risks and hazards associated with direct contact, 

inhalation, and ingestion exposures by preventing groundwater withdrawals. 

GW-4 is an in-situ groundwater treatment alternative that incorporates two 

technologies to address both organic and inorganic contaminants in 

groundwater. First, in-situ bio-enhancement treatment through oxygen injection 

would be used to treat the source areas for organic contaminants (benzene, 

TCE, 1,2-DCA, and naphthalene) located between the East-Central Hide Pile 

and the South Hide Pile in the vicinity of Atlantic Avenue and at the West Hide 

Pile for benzene.  Second, a permeable reactive barrier (PRB) located between 

the southern perimeter of the NSTAR (formerly Boston Edison) right-of-way and 

the HBHA Pond would be constructed for the treatment and removal of arsenic.  

GW-4 would intercept and treat arsenic contaminated groundwater prior to its 

discharge into the HBHA Pond thus preventing the continued discharge of 

groundwater contaminants into the HBHA Pond and preventing the continued 

migration of contaminants through surface water and sediments to areas 

downstream. 

 

HBHA Pond Sediments - (HBHA) 

•  Alternative HBHA-1: No Action 

o A baseline alternative to which other HBHA Pond sediment alternatives may be 

compared. No remedial actions are taken under this alternative. 

•  Alternative HBHA-2: Monitoring 

o Provides for long-term monitoring to evaluate possible changes to the nature and 

extent and migration patterns of contamination and risks to benthic invertebrates 

over time as a result of natural degradation or attenuation processes.  HBHA-2 
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relies on a groundwater alternative to eliminate contaminated groundwater 

discharges to be protective. 

•  Alternative HBHA-3: Subaqueous Cap 

o Provides protection of the environment from contaminated sediments by preventing 

or controlling direct contact exposures to benthic invertebrates and migration of 

contaminated sediments to downstream areas through the installation of a 

protective barrier or cap over the contaminated sediments.    The cap consists of a 

geotextile layer covered with clean permeable soil materials over contaminated 

sediments at the base of the HBHA Pond creating a new benthic habitat and an 

effective barrier from existing sediment contaminants. HBHA-2 relies on a 

groundwater alternative to eliminate contaminated groundwater discharges which 

could, over time, result in recontamination of the clean cap materials. 

•  Alternative HBHA-4: Storm Water Bypass and Sediment Retention with Partial Dredging 

and Providing an Alternate Habitat 

o Alternative HBHA-4 (Storm Water Bypass and Sediment Retention with Partial 

Dredging and Providing an Alternate Habitat) involves partial removal of 

contaminated sediments and reduces the migration of soluble and particulate 

arsenic released during storm events to downstream depositional areas.  

HBHA-4 divides the HBHA Pond into two main areas using a system of 

cofferdams: one area located in the northern part of the pond will be used to 

allow contaminated groundwater to discharge, maintain the chemo-cline to 

degrade and sequester dissolved contaminants, retain contaminated suspended 

sediments, and aerate the pond; and the second area, located in the southern 

section, would be dredged to remove contaminated sediments and restored. This 

alternative protects the environment by preventing exposure of benthic 

invertebrates to contaminated sediments in the southern portion of the pond and 

provides for an alternate habitat to mitigate the loss of habitat in the northern 

portion of the pond.  Other key features and components of HBHA-4 include:  

diverting Halls Brook storm flow water downstream of the contaminated sediment 

retention area thus preventing re-suspension and migration during storm events; 

permanently removes contaminated sediments in the southern portion of the 

HBHA Pond that exceed the arsenic PRG and restores the southern portion; 

prevents arsenic-contaminated groundwater from discharging into the New 

Boston Street Drainway which eventually discharges to Halls Brook and the 
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HBHA Pond and prevents any associated contaminated sediment above the 

PRG from eroding into the northern portion of the HBHA Pond; and prevents 

arsenic-contaminated soils exceeding the HBHA Pond sediment PRG, located 

along the southern boundary of the Boston Edison right-of-way (A6 area), from 

eroding into the northern portion of the HBHA Pond and contributing to the 

contaminated sediment load in the system. Unlike other HBHA alternatives, 

HBHA-4 does not rely on groundwater alternatives to eliminate contaminated 

groundwater discharges since HBHA-4 incorporates natural processes and aeration 

to degrade and sequester groundwater contaminants as they are discharged into 

the pond. 

•  Alternative HBHA-5: Removal and Off-Site Disposal 

o All sediments in the HBHA Pond exceeding the arsenic PRG will be dredged, 

dewatered, and transported offsite for disposal at an approved, licensed facility.  

This alternative would provide permanent elimination of risks to ecological 

receptors resulting from exposures to contaminated sediments in the HBHA Pond.  

In addition, a section of the New Boston Street Drainway would be lined with an 

impermeable barrier to prevent arsenic-contaminated groundwater from 

discharging into the New Boston Street Drainway, which eventually discharges to 

Halls Brook and the HBHA Pond, and prevent any associated contaminated 

sediment above the PRG from eroding into the HBHA Pond.  Soils located along 

the southern boundary of the Boston Edison right-of-way (A6 area) would be 

capped to prevent arsenic-contaminated soils from eroding into the HBHA Pond 

and contributing to the contaminated sediment load in the system. HBHA-5 also 

relies on groundwater alternatives to eliminate contaminated groundwater 

discharges which could, over time, result in recontamination of the restored areas 

in the HBHA Pond. 

 

Near Shore Sediments in the Wells G& H Wetlands and the Cranberry Bog Conservation Area - 

(NS) 

•  Alternative NS-1: No Action 

o A baseline alternative to which other alternatives may be compared. No remedial 

actions are taken under this alternative. 
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•  Alternative NS-2: Institutional Controls 

o Provides protection of human health by preventing or controlling potential 

exposures to contaminated sediment through installation of fencing to restrict 

access and implementation of institutional controls. Institutional controls would take 

the form of deed restrictions or other appropriate institutional controls whereby land 

use would be restricted and excavations in this area would be prohibited unless 

adequate precautions (engineering controls, PPE) were taken to minimize or 

prevent direct contact with contaminated sediment during removal activities. 

•  Alternative NS-3: Monitoring with Institutional Controls 

o Provides protection of human health by preventing or controlling potential 

exposures to contaminated sediment through installation of fencing to restrict 

access and implementation of institutional controls. Institutional controls would take 

the form of deed restrictions or other appropriate institutional controls whereby land 

use would be restricted and excavations in this area would be prohibited unless 

adequate precautions (engineering controls, PPE) were taken to minimize or 

prevent direct contact with contaminated sediment during removal activities.  In 

addition, Alternative NS-3 incorporates long-term surface water and sediment 

monitoring to evaluate possible changes to the nature and extent and migration 

patterns of contaminated sediments in the near shore areas.    

•  Alternative NS-4: Removal and Off-Site Disposal 

o All near shore sediments exceeding the arsenic PRG will be excavated and 

transported offsite for disposal at an approved, licensed facility.  This alternative 

would provide permanent elimination of risks to human health resulting from future 

exposures to arsenic in near shore sediments.  

 

Deep Sediments in the HBHA Wetlands and in the Wells G& H Wetlands - (DS) 

•  Alternative DS-1: No Action 

o A baseline alternative to which other alternatives may be compared. No remedial 

actions are taken under this alternative. 

•  Alternative DS-2: Institutional Controls 

o Provides for the protection of human health by preventing or controlling potential 

exposures to contaminated deep sediment through the implementation of 

institutional controls. Institutional controls would take the form of deed restrictions or 

other appropriate institutional controls whereby excavations in this area would be 
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prohibited unless regulatory oversight and adequate precautions (e.g. engineering 

controls, PPE, etc.) were taken to minimize or prevent direct contact with 

contaminated sediment during dredging activities. 

•  Alternative DS-3: Removal and Off-Site Disposal 

o All deep sediments exceeding the arsenic PRG will be excavated and transported 

offsite for disposal at an approved, licensed facility.  This alternative would provide 

permanent elimination of risks to human health resulting from future exposures to 

arsenic in deep sediments.  

 

Deep Surface Water in the HBHA Pond (SW) 

•  Alternative SW-1: No Action 

o A baseline alternative to which other alternatives may be compared. No remedial 

actions are taken under this alternative. 

•  Alternative SW-2: Monitoring 

o This alternative uses monitoring to evaluate the status of contamination that may or 

may not be attenuated by natural processes or other selected groundwater and 

sediment remedial alternatives.  This alternative must be implemented in 

conjunction with other media-specific alternatives whereby the long-term 

effectiveness of the alternatives are evaluated and sources of contamination (i.e. 

groundwater discharges and arsenic dissolution from contaminated sediments) are 

monitored.   

•  Alternative SW-3: Monitoring and Providing an Alternate Habitat 

o This alternative uses monitoring to evaluate the status of contamination that may 

or may not be attenuated by natural processes or other selected groundwater 

and sediment remedial alternatives.  To mitigate the loss of aquatic habitat within 

the affected area and meet the RAO, a similar wetland would be constructed to 

compensate for the wetland loss and to maintain the inventory of the benthic 

community within the watershed. 

 

E.8  Comparative Evaluation of Remedial Alternatives 

 

As part of the detailed analysis, comparisons of the remedial action alternatives within specific 

medium were made to identify differences between the alternatives and how site contaminant 
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threats are addressed with regards to key elements of the seven evaluation criteria prescribed in 

the National Contingency Plan.  These criteria include: 

 

•  Overall Protection of Human Health and the Environment 

•  Compliance with ARARs 

•  Long-Term Effectiveness and Permanence 

•  Reduction of Toxicity, Mobility, or Volume Through Treatment 

•  Short-Term Effectiveness 

•  Implementability 

•  Cost 

 

A summary of the comparative analysis of the remedial alternatives, by media, for the threshold 

criteria and costs is presented in Table ES-1. These comparisons are discussed in detail in 

Section 4.3 and are summarized in Tables 4-28A through 4-28G.   
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1.0  INTRODUCTION 

 

This report presents the findings of the Feasibility Study (FS) performed for the Industri-plex 

Superfund Site Multiple Source Groundwater Response Plan (MSGRP) Operable Unit 2 and 

including Wells G&H Superfund Site Aberjona River Study Operable Unit 3 (Study Area) located 

in Woburn, Massachusetts.  This FS Report was prepared by Tetra Tech NUS, Inc. for the 

United States Environmental Protection Agency (EPA) under Work Assignment No. 116-RICO-

0107, Contract No. 68-W6-0045.  The report presents a range of remedial options that address 

potential risks to human health and the environment identified during the MSGRP Remedial 

Investigation (RI).  The RI Report was submitted previously under separate cover. 

 

This FS was prepared in accordance with the requirements of: the Comprehensive 

Environmental Response, Compensation, and Liability Act (CERCLA) of 1980, as amended by 

the Superfund Amendments and Reauthorization Act of 1986; the National Oil and Hazardous 

Substances Pollution Contingency Plan (NCP) 40 CFR Part 300; and the Interim Final Guidance 

for Conducting Remedial Investigations and Feasibility Studies under CERCLA (EPA, October 

1988) and direction received from EPA. 

 

A Record of Decision (ROD) for the Industri-plex Site was signed in 1986, addressing on-site 

soil, sediment, and groundwater contamination.  The RI/FS that supported the ROD focused on 

site-specific soil and groundwater “hot-spot” problems and did not attempt to identify other 

possible sources of either upgradient or cross-gradient groundwater contamination or impacts to 

surface water.  The MSGRP RI (TtNUS, 2005) and this MSGRP FS evaluate area-wide soil, 

groundwater, surface water, and sediment contamination issues.   

 

The remedial options developed in this document will be used by EPA to formulate a preferred 

remedy to address soil, groundwater, surface water, and sediment contamination throughout the 

Industri-plex MSGRP area.  After a public comment period, the selected remedy will be 

documented in another EPA ROD.   

 

1.1  Organization of Report 

 

The FS is presented in one volume.  Section 1.0 presents the purpose of the FS Report, a 

summary of the MSGRP Study Area, the history and former land use of the MSGRP Study Area 
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properties, a discussion of the nature and extent of contamination, and results of the human 

health and ecological risk assessments.  Section 2.0 presents the remedial action objectives, 

the general response actions, preliminary remediation goals, estimates of contaminated 

materials volumes, and the identification and screening of alternatives.  Section 3.0 presents the 

development and detailed descriptions of remedial action alternatives, and Section 4.0 presents 

detailed and comparative analyses of remedial action alternatives.   

 

1.2  Purpose of the Report 

 

The overall objective of this FS is to develop and evaluate alternatives that address soil, 

groundwater, surface water, and sediment contamination which pose potential risks to human 

health and/or the environment throughout the MSGRP Study Area.  The general FS process is 

described below: 

 

•  Develop remedial action objectives incorporating target cleanup goals that are protective 

of human health and the environment.  The remedial action objectives specify the 

contaminants, media of interest, exposure pathways, and preliminary remediation goals.  

The preliminary remediation goals (numeric criteria) are developed based on chemical-

specific applicable or relevant and appropriate requirements (ARARs), when available, 

and site-specific risk-related factors. 

 

•  Develop general response actions to address each medium of interest.  Each response 

action may be implemented singly or in combination with other actions to satisfy the 

remedial action objectives. 

 

•  Identify and screen technologies applicable to each general response action.  

Technologies and process options that are not technically implementable are eliminated.  

Representative process options for the remaining technologies are then evaluated for 

their effectiveness, implementability, and cost. 

 

•  Assemble remedial alternatives from the retained technologies.  The alternatives consist 

of a range of remedial technologies for source control and groundwater control. 
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•  Prepare a detailed analysis of individual alternatives following the criteria specified in the 

NCP and the RI/FS guidance documents.  Finally, compare and evaluate the 

alternatives. 

 

The remedial action objectives (RAOs), presented in Section 2.2 of this FS Report, establish the 

site-specific criteria that are protective of human health and the environment, and comply with 

federal and state regulations, where applicable.  

 

The general response actions, presented in Section 2.3 of this FS Report, establish the physical 

parameters, volumes, and physical settings for the contaminated media to be remediated, 

consistent with the RAOs.   

 

Section 2.5 presents the identification and screening of technologies that will be considered to 

perform the soil, groundwater, surface water, and sediment remedial actions.  Technologies 

retained in the initial screening then undergo a more detailed evaluation to identify processes 

best suited to achieve the remedial actions.  The criteria used in evaluating technologies 

include: effectiveness of the technologies to address site-related contaminants, implementability 

of the technologies, and relative cost.    

 

The rationale for developing remedial action alternatives is presented in Section 3.0.  

Technologies are assembled into alternatives representing a range of treatment and 

containment combinations.  The alternatives are developed and refined at this stage by 

characterizing factors such as volumes or areas of contamination; interactions between media, 

sizing, and configuration of on-site treatment/containment systems; duration of activities; 

treatment rates; spatial requirements; distances to off-site treatment or disposal facilities; and 

regulations.   

 

Detailed evaluations of each alternative were performed; the results are presented in 

Section 4.0.  The alternatives were evaluated based on the following criteria: overall protection 

of human health and the environment; compliance with ARARs; long-term effectiveness and 

permanence; reduction of mobility, toxicity, or volume through treatment; short-term 

effectiveness; implementability; and cost.  Overall protection of human health and the 

environment and compliance with ARARs are the two threshold criteria, while the remaining five 

are balancing criteria.  Community and state acceptance are the two modifying criteria that EPA 
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will assess prior to final selection of the remedial alternative in the ROD.  Comparative analyses 

of the alternatives are also presented in Section 4.0. 

 

1.3  Background Information 

 

This section provides a description of the MSGRP Study Area, its geology and hydrogeology, a 

summary of the Study Area’s history, contaminant nature and extent, conceptual contaminant 

fate and transport, and comprehensive human health and ecological risk assessments. 

 

1.3.1  Site Description and History 

 

The Industri-plex Superfund Site (Site) is a 245-acre industrial park located in the northeast 

corner of Woburn, Massachusetts near the intersection of two major highways, I-93 and I-95 

(Figure 1-1).  The Site is bordered by these two highways and by commercial and light industrial 

properties. The Aberjona River flows through a portion of the Site. Several associated 

tributaries, drainways, and wetlands also traverse or are situated on the Site.  The nearest 

residences are located approximately 4,000 feet to the north, approximately 1,000 feet to the 

east, approximately 2,500 feet to the west, and approximately 4,000 feet to the south of the Site.   

Approximately 34,000 people live within 3 miles of the Site. The Site is currently occupied by 

numerous active retail, commercial, and light industrial businesses as well as the Anderson 

Regional Transportation Center, a 33-acre commuter transportation hub, which was constructed 

on the Site in the late 1990s and opened in May 2001.  

 

From 1853 through 1931, the Site was home to various chemical manufacturing operations that 

principally produced chemicals for the local textile, leather and paper industries; the main 

products being sulfuric acid and related chemicals.   Other chemicals produced at this facility 

included arsenic insecticides, acetic acid, dry colors, and organic chemicals including phenol, 

benzene, picric acid, toluene, and 2,4,6-trinitrotoluene (TNT). Beginning in 1935, the plant was 

dedicated to the manufacturing of glue from animal hides until mid-1969 when operations 

ceased and the site was vacated.  In December 1968, the Mark Phillip Trust (MPT) purchased 

approximately 149 acres of the property from Stauffer Chemical Company, while others 

purchased the remaining 35 acres. The MPT intended to develop the Stauffer land, along with 

land owned to the south and east, as an industrial park to be called “Industri-plex 128”.  From 

early 1970 to 1979, development activities involved filling and excavating portions of the 
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property to facilitate the sale of various parcels.  Excavations uncovered chemical and glue 

manufacturing wastes, including decaying animal hides.  In addition to two existing waste 

stockpiles  (i.e. the East Central Hide Pile and the South Hide Pile), some of these waste 

deposits were excavated and either trucked off site, buried on the southern Boston Edison 

Company (BECO) right-of-way, or stockpiled in two new waste piles (i.e. the West and East 

Hide Piles).    

 

The releases of metals and organic compounds at the Industri-plex Site have resulted in onsite 

soil contaminant levels that exceed those in background and offsite reference locations. The 

contaminants gradually dispersed into the surrounding environmental media and have resulted 

in the contamination of soil, groundwater, surface water, sediments, and biota.   

 

The Site was listed on the Superfund Interim List of 115 Top Priority Hazardous Waste Sites in 

1981 and on the Superfund National Priorities List in 1983.  In 1986, EPA completed a ROD that 

selected a cleanup remedy for the Site that included soil, air, and interim groundwater remedies.  

The soil remedy consisted of capping arsenic/lead/chromium contaminated soils and hide piles 

with concentrations of arsenic greater than 300 mg/kg, lead greater than 600 mg/kg, and 

chromium greater than 1,000 mg/kg.  Institutional controls are considered a crucial part of the 

soil remedy to maintain the integrity of the cap into the future.  The air remedy included 

construction of an impermeable cap and a gas collection and treatment system at the East Hide 

Pile.  Groundwater was to be remediated in the interim through the construction of a treatment 

system for benzene and toluene “hot spot” areas.  Due to technical delays and negotiations, the 

interim groundwater remedy was not implemented, so the only groundwater remedy for the Site 

will be the permanent remedy addressed in the upcoming ROD.  

 

The remedial investigation that originally supported the 1986 ROD focused on Site-specific soil 

and groundwater “hot-spot” problems and did not attempt to identify other possible sources of 

either upgradient or cross-gradient groundwater contamination or impacts to surface water.  To 

fully understand the site-specific and area-wide groundwater issues, the ROD and the Consent 

Decree assigned separate responsibilities to the Settling Defendants and the EPA to conduct 

two additional studies. The Settling Defendants were required to implement the ROD-prescribed 

Groundwater/Surface Water Investigation Plan (GSIP) to assess the groundwater, surface 

water, and sediment contamination on the Site.  The GSIP study area focused on Site-related 

contaminants and included the Industri-plex Superfund Site and downstream areas to I-95 
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(Northern Study Area).  The EPA was required to implement the MSGRP to evaluate area-wide 

contamination issues outside of the GSIP study area.  The description of the selected interim-

remedy for groundwater noted that the findings and conclusions of the MSGRP would be used 

to develop and implement a final remedy for on-site groundwater problems.  These decisions 

would also be based in part on the findings of the GSIP investigations. 

 

While the GSIP and MSGRP investigations were being conducted to assess contamination in 

and around the northern reaches of the Aberjona River, an investigation of the Wells G&H 

Superfund Site, located about 1 mile south of the Industri-plex Site, was being conducted, which 

included an EPA-led investigation of the surface water and sediment of the southern portion of 

the Aberjona River to the Mystic Lakes.  In 2002, EPA combined the separate surface water and 

sediment investigations being performed at the two Superfund sites into one study to more 

efficiently evaluate contamination and risk issues for the entire Aberjona River and ultimately 

develop one remedial decision for the river, if necessary.   As a result, the MSGRP RI Study 

Area for surface water and sediments was expanded to include the southern reaches of the 

Aberjona River from I-95-South, through the Wells G&H Site, to the Mystic Lakes (i.e. the 

Southern Study Area).  It is important to note that the groundwater investigations for the 

MSGRP RI are limited to the general area surrounding and including the Industri-plex Site.  

Groundwater in the vicinity of the Wells G&H Superfund Site is currently being investigated, and 

in some areas remediated, as part of the Wells G&H Superfund Site cleanup program under the 

auspices of the EPA and MADEP.   

 

Consequently, the MSGRP RI report presented and evaluated data from over 4,800 samples 

collected as part of the MSGRP RI investigation.  Samples were collected from various media 

including soil, groundwater, surface water, sediment, soil gas, and various biota (both plant and 

animal). These sampling efforts were part of the investigations initially conducted for separate 

studies at the two Woburn, Massachusetts Superfund sites as described below: 

 

•  Industri-plex Superfund Site -- GSIP:  Focused the investigation on groundwater, surface 

water, sediments, and soil at the Industri-plex Site and surrounding area, south to 

Mishawum Road and I-95; conducted in three separate phases from 1990 to 2004. 

 



DRAFT FINAL 

RI051270DF  Tetra Tech NUS, Inc.   1-7

•  Wells G&H Superfund Site -- Operable Unit 3 (OU-3), Aberjona River Study: Focused 

the investigation on surface water and sediment within the Aberjona River and its 

associated wetlands from I-95 south to the Mystic Lakes; conducted from 1995 to 2004. 

 

•  Industri-plex Superfund Site -- MSGRP:  Incorporates the findings of the GSIP, Wells 

G&H OU-3 Aberjona River Study, Preliminary MSGRP – Industri-plex Study Area 

(1997), Preliminary MSGRP – Aberjona River Study Area (2002), and focused the 

investigation on area-wide groundwater, surface water, sediments, and soil 

contamination including areas adjacent to the Industri-plex Site, south to Mishawum 

Road and I-95, and at specific locations along the Aberjona River south of I-95; 

conducted from 2000 to 2004.  The MSGRP also considered other relevant studies 

along the Aberjona River conducted by the Massachusetts Institute of Technology (MIT). 

 

The MSGRP RI Study Area is located within the Aberjona River Watershed.  The Aberjona 

River is the primary river system in the Aberjona River basin and has an approximate 65-square 

kilometer (km2) drainage area.  The river flows through Woburn and Winchester, Massachusetts 

terminating in Winchester where it discharges into the Mystic Lakes.   

 

The most significant water bodies located in the northern part of the MSGRP RI Study Area 

include: Halls Brook, Halls Brook Holding Area (HBHA), and the Aberjona River.  With the 

exception of Halls Brook, all of these water bodies were either modified or created for flood 

storage capacity during development of the area.  Fed primarily by Halls Brook, the Halls Brook 

Holding Area (HBHA) was created as a storm water management area following the filling of 

Mishawum Lake in the 1970s.  The northern portion of the HBHA consists of a large rectangular 

shallow pond (approximately 175 feet x 900 feet and depth up to 20 feet), referred to as the 

HBHA Pond.  Downstream of the HBHA Pond, the southern portion of the HBHA consists of 

wetlands containing three smaller ponds.  When the HBHA was constructed, the Aberjona River 

was diverted from Mishawum Lake to its current course which follows a series of culverts and 

drainage channels in the middle of Commerce Way that run parallel to the HBHA approximately 

1,500 feet to the east.  Flows from the Aberjona River and the HBHA converge at the outlet of 

the HBHA at Mishawum Road.   

   

The entire Southern Study Area (the Aberjona River and its floodplains) lies within the 100-year 

floodplain; wetland areas adjacent to the Aberjona River are scattered throughout the Southern 
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Study Area.  The most significant wetland areas include the Wells G&H wetland and the 

Cranberry Bog Conservation Area (CBCA) wetland.  The low-lying areas along the river 

frequently experience flooding due to increased storm water contributions from developed and 

paved areas, causing the Aberjona River to exceed its flow capacity.  The most significant water 

bodies include the Upper and Lower Mystic Lakes, where the Aberjona discharges. 

 

The Aberjona River flows through urbanized sections of Woburn and Winchester.  Both of these 

municipalities have an extensive industrial history, principally involving the tanning industry, 

dating back into the early 1800s.  Historically, waste products from these industries were 

discharged into the Aberjona River and may have contributed to the historical contamination of 

the river’s water quality and sediments. 

 

The MSGRP RI Study Area is divided into reaches based on similarity of habitat, species, and 

accessibility.  This concept was first introduced during the preparation of the baseline ecological 

risk assessment for the Aberjona River Study (OU-3) whereby the Aberjona River was divided 

into six reaches (1 through 6).  For purposes of continuity, the same reaches were used in the 

human health risk assessment for the Aberjona River Study.  When EPA decided to merge the 

MSGRP RI and Aberjona River Study investigations, the original six reaches were expanded to 

include “Reach 0”, which represents the entire Northern Study Area.  The study area reaches 

are shown on Figure 1-2 and are generally described as follows: 

 

MSGRP RI STUDY AREA 

NORTHERN 
STUDY 
AREA 

Reach 0 Industri-plex Site, northern section of Aberjona River, and the 
HBHA Pond and Wetlands south to I-95. 

Reach 1 From I-95, south to Salem Street, including the Wells G&H 
wetlands 

Reach 2 Salem Street south to the river crossing at Washington Street in 
Winchester, including the Cranberry Bog Conservation Area 

Reach 3 Washington Street South to Swanton Street, including Davidson 
Park 

Reach 4 Swanton Street south to Mill Pond in Winchester center 

Reach 5 Mill Pond outlet south to Upper Mystic Lake inlet 

SOUTHERN 
STUDY 
AREA 

Reach 6 Upper Mystic Lake, including upper and lower forebays, and Lower 
Mystic Lake  

 



DRAFT FINAL 

RI051270DF  Tetra Tech NUS, Inc.   1-9

Groundwater Classification 

 

The Massachusetts Contingency Plan (MCP) defines all groundwater into one of three classes 

(GW-1, GW-2 and GW-3) and has established contaminant criteria applying to each 

classification.  Groundwater is classified as GW-1 if it is located within a current or potential 

future drinking water source area.  The GW-2 classification applies to areas where there is the 

potential for migration of vapors from the groundwater to the air inside occupied structures.  

Specifically, the GW-2 classification applies to groundwater located within a 30-foot radius of an 

existing occupied building or structure, where the average annual depth to groundwater in the 

area is 15 feet or less.  The GW-3 classification applies to groundwater that may impact surface 

water. All groundwater is considered a potential source of discharge to surface water and 

therefore is, at a minimum, categorized as GW-3 (310 CMR 40.0932).  

 

The groundwater classifications for the MSGRP Study Area were identified by MADEP and 

documented in their “Groundwater Use and Value Determinations” for the Industri-plex and 

Wells G&H sites.  The MADEP “Groundwater Use and Value Determination” for the Industri-plex 

site (MADEP, 1997) concluded that the aquifer in the Northern Study Area was of low use and 

value.  This determination was reaffirmed in a clarification issued by MADEP in March 2004 

(Mayor, 2004).  The determination and the clarification are included in Appendix 3C-1 of the 

MSGRP RI.  

 

The MADEP concluded that, with the exception of two small areas that may be classified as 

GW-1 (Phillip’s Pond and south of the easternmost extension of the NSTAR [formerly BECO] 

ROW), the Northern Study Area aquifer was classified as a Non-Potential Drinking Water 

Source Area (NPDWSA) because of its concentrated industrial development.  MADEP 

concluded that a low use and value determination was appropriate for the entire area despite 

the presence of the two potential GW-1 areas because commercial development and other 

factors make it unlikely that public drinking water facilities would be developed in the areas 

(Mayor, 2004).  

 

Due to its designation as a low use and value NPDWSA, the MADEP concluded that for the 

purposes of the risk assessment, the groundwater in the Northern Study Area is classified as 

GW-2 and GW-3.  The GW-2 classification applies to any areas where there are occupied 
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structures and the average depth to groundwater is 15 feet or less.  The GW-3 classification 

applies to the entire study area.   

    

As indicated in the following paragraph, northern boundary of the Interim Wellhead Protection 

Area (IWPA) for Woburn municipal Wells G&H is approximately located at Interstate 95, which 

is the approximate southern boundary of the Northern Study Area.  Although the wells are 

inactive, they are still considered a public water supply and the MCP requires that groundwater 

flowing into an IWPA must meet state drinking water standards (GW-1 criteria).  Therefore, 

although the Northern Study Area groundwater is classified as GW-2/GW-3, the groundwater at 

its southern border should meet GW-1 standards before entering the IWPA. 

 

The MADEP “Groundwater Use and Value Determination” for the Wells G&H Superfund Site 

(MADEP, 2004) concluded the aquifer in the area of the Wells G&H site (Southern Study Area) 

is of medium use and value.  The use and value determination report is included in 

Appendix 3C-2 of the MSGRP RI.  Nearly the entire Wells G&H site, including the 38-acre 

wetlands, lies within the IWPA of municipal wells G and H.  An IWPA is defined as the area 

within a one-half mile radius of a public water supply that does not have a delineated Zone II 

(Zone II, as defined in the 2001 MADEP Groundwater Source Approval Regulations, is the area 

of an aquifer which contributes water to a well under the most severe pumping and recharge 

conditions that can be realistically anticipated).   Although the wells are inactive, they are still 

considered a public water supply. 

 

Because the Wells G&H aquifer is within the IWPA and because it is a medium and high yield 

aquifer, the site area aquifer is classified under the MCP as a GW-1 area.  The one half-mile 

radius of the IWPA takes precedence over areas excluded as non-drinking water source areas 

under the MCP; therefore, regardless of other designations, the entire area within the IWPA is 

considered a current drinking water source area (MADEP, 2004).  Due to the development in 

the area, the GW-2 classification also potentially applies to most of the remaining potions of 

aquifer (MADEP, 2004).  Lastly, at a minimum, all groundwater is considered as GW-3 as the 

aquifer is expected to discharge into a surface water. 
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1.4 Nature and Extent of Contamination 

 

The MSGRP remedial investigation was conducted to delineate the nature and extent of 

contamination at the MSGRP Study Area and how this contamination may be migrating in the 

environment.  Detailed assessments are presented in the MSGRP Remedial Investigation 

Report (TtNUS, 2004).  Summaries of the RI findings are presented below.   

 

1.4.1 Summary of Soil Contaminant Nature and Extent 

 

The nature and extent of soil contamination was further investigated in areas within, adjacent to, 

and downgradient of the Industri-plex Site.  These areas included soils along the perimeter of 

the Industri-plex Site boundary, buried sediments of the former Mishawum Lake bed, benzene 

and toluene source area soils, and floodplain soils along the HBHA and the Aberjona River.   

Soils impacted by site-related contaminants are as follows: 

 

•  There are over 150 acres of soils at the Industri-plex Site that are contaminated with 

heavy metals, specifically: arsenic, lead, chromium, and to a lesser degree, barium, 

copper, zinc, and mercury.  Approximately 110 acres exceeded the heavy metals 

threshold values established in the 1986 Industri-plex Site ROD and have been capped 

with either an engineered cover or with existing materials considered to be “equivalent 

cover” (e.g. asphalt pavement, building slabs, etc.)  At the time the ROD was prepared, 

other alternatives had been evaluated including complete removal of the soils. However, 

removal was considered financially infeasible (greater than $245 million) due to the large 

volume of soils that would require remediation, which would also present significant 

technical challenges due to site conditions. (Roux, 1984). Although capped and no 

longer a threat from erosion, these contaminants remain onsite and represent the most 

significant source of contamination in the MSGRP RI Study Area.  Some of these 

chemicals have remained adsorbed to soils while others have been mobilized into 

deeper soils, into groundwater, and into the adjacent wetlands, HBHA and Aberjona 

River.  

 

•  Four areas located outside and adjacent to the Industri-plex Site boundary were 

investigated to determine if metals contamination exceeding the Industri-plex soil 

remedy action levels extended beyond the Site boundary.  Only the area located 
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between the southern Site boundary and the HBHA Pond (Area 6) was found to contain 

concentrations of arsenic, chromium, and lead exceeding action levels established for 

the Industri-plex Site Soil Remedy. 

 

•  Prior to its being filled to create open land for development, Mishawum Lake would have 

served as one of the first significant depositional areas for contaminants being 

discharged from the Industri-plex Site. Concentrations of volatile organic compounds 

(VOCs) and semi volatile organic compounds (SVOCs) in soils were only sporadically 

detected in subsurface soils and at low concentrations which did not exceed regulatory 

screening criteria (i.e. Region 9 preliminary remediation goals [PRGs]).  Soils exhibiting 

concentrations of metals exceeding comparative regulatory criteria (i.e. Region 9 PRGs 

and MADEP Soil Background criteria) were detected in both near-surface and 

subsurface soils.  The highest concentrations of metals and most frequent exceedances 

for metals, in particular arsenic, generally occurred in the soil samples collected at a 

depth representing the former lake bottom. 

 

•  An investigation was conducted to locate the source of persistent benzene and toluene 

groundwater contamination located adjacent to the West Hide Pile (benzene) and along 

Atlantic Avenue (benzene and toluene).  This investigation included subsurface 

geophysical surveys (i.e., ground penetrating radar and electro-magnetic surveys), 

soil-gas sampling, subsurface soil samples, and groundwater sampling.  Although a 

concentrated source of contamination was not located (e.g., underground storage tanks 

(UST), drums, etc.) both benzene and toluene were detected in most soil samples.  

However, these detections were generally low, with the majority of samples well below 

the comparative screening criteria.  At sample locations collected along Atlantic Avenue, 

only 4 of 17 samples exceeded the Region 9 PRGs for benzene (600 µg/kg - residential) 

and none exceeded the Region 9 PRG for toluene (520,000 µg/kg - residential).  In 

addition, one soil sample collected at the West Hide Pile within the saturated zone 

exhibited elevated concentrations of benzene (210,000 µg/kg) exceeding the Region 9 

PRG criterion.   

 

•  Soil samples were collected in depositional areas along the HBHA and the Aberjona 

River to investigate the presence of heavy metals deposited by floodwaters. Areas 

investigated included the banks of a drainage channel along the BECO right-of-way in 
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the southern portion of the Site, floodplain areas along the eastern and southwestern 

banks of the HBHA, wetlands north of the Wells G&H wetland area at Normac Road, the 

backyard of a residence located on Salem Street at the southwest edge of the Wells 

G&H wetland, the Cranberry Bog Conservation Area, Danielson Park, river bank/wetland 

areas at Kraft Food, Davidson Park in Winchester, and the banks of the Aberjona River 

near the Wedgemere train station in Winchester.  Arsenic was the only metal that was 

detected in all floodplain sample locations at concentrations ranging from 6.1 mg/kg to 

272 mg/kg.  Arsenic concentrations exceeded Region 9 PRGs in all areas (except at the 

Wedgemere station where the criterion was exceeded in seven of nine samples).  

Although the Region 9 PRG for arsenic (0.39 mg/kg) is based on residential 

assumptions, approximately 87 percent of floodplain soil samples exhibited arsenic 

concentrations that also exceeded the MADEP Natural Soil Background reference 

criterion (20 mg/kg).    

 

1.4.2  Summary of Groundwater Contaminant Nature and Extent 

 

Between 1990 and 2002 over 460 groundwater samples were collected, analyzed, and 

quantitatively evaluated to assess area-wide groundwater contamination in the Northern Study 

Area.  The findings are as follows: 

 

•  Arsenic was more frequently detected in groundwater than any other metal (detected in 

360 samples out of 467 samples analyzed for metals).  Approximately 12 percent of the 

samples where arsenic was detected exceeded the MADEP GW-3 standard (400 µg/L).  

Arsenic concentrations were generally highest in the groundwater south and west of the 

East Central Hide Pile and beneath the BECO right-of-way, with the maximum observed 

concentration of 24,400 µg/L located in the BECO right-of-way, just northwest of the 

HBHA. 

  

•  Other metals that exceeded the GW-3 standard included:  

 

- cadmium: only exceeded in three samples; the highest concentration only slightly 

exceeding the GW-3 criterion was located just north of the East Central Hide Pile 
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- chromium: only exceeded in two samples collected from the same well located 

approximately 450 feet south of Atlantic Avenue (likely attributed to high 

suspended solids in the sample) 

 

- lead: exceeded in 23 samples; all located in the areas north of the Halls Brook 

Holding Area pond, east of New Boston Road, and west of Atlantic Avenue 

 

- mercury: exceeded in eight samples sporadically distributed throughout the study 

area, but the highest concentrations observed were just northwest of the HBHA 

 

- nickel: exceeded in five samples sporadically distributed throughout the study area 

but the highest concentrations observed in the area between the East Hide Pile 

and the East Central Hide Pile 

 

- zinc: exceeded in 11 samples sporadically distributed through out the study area 

but the highest concentration observed in the area of the Regional Transportation 

Center 

 

•  Benzene was the most frequently detected VOC at concentrations exceeding the GW-2 

(2,000 µg/L) and GW-3 (7,000 µg/L) standards.  In the shallow groundwater, the highest 

concentrations of benzene were observed in two areas:  between the East Central Hide 

Pile and the South Hide Piles adjacent to Atlantic Avenue (69,000 µg/L); and within a 

localized area along the eastern edge of the West Hide Pile (4,100 µg/L).  In the deeper 

groundwater, high concentrations of benzene extended from the southern side of 

Atlantic Avenue to the southern end of the HBHA Pond.  In general, the overall benzene 

plume, extending in both the shallow and deeper groundwater, is located in the vicinity of 

Atlantic Avenue south to the HBHA Pond.  This current location is generally consistent 

with the findings of previous investigations conducted during the early GSIP 

investigations and the 1983 RI.  

 

•  Although toluene concentrations did not exceed the GW-2 (6,000 µg/L) or GW-3 (50,000 

µg/L) standards for samples collected during the Final GSIP Statement of Work and 

MSGRP, toluene was detected at elevated concentrations with the center of the plume 

generally located just south of the Atlantic Avenue/Commerce Way intersection.  
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Elevated concentrations of toluene (up to 2,500 µg/L) were observed in this area.  

During previous investigations conducted in 1997 by the ISRT as part of the source area 

investigation, elevated concentrations of toluene were also detected in this same general 

area with a maximum observed concentration of 19,000 µg/L as well as the intermediate 

and deeper overburden beneath and immediately south of the BECO right-of-way.   

 

•  Trichloroethene (TCE) was observed sporadically in shallow groundwater samples in the 

vicinity of the BECO right-of way and the HBHA Pond.   TCE concentrations did not 

exceed the GW-2 (300 µg/L) or GW-3 (20,000 µg/L) standards and were generally low 

(< 6 µg/L) in the shallow groundwater surrounding the HBHA  Pond. 

 

•  TCE was also detected at higher concentrations (up to 110 µg/L) in the intermediate to 

deep overburden in another area approximately 0.5 miles south of the Site, generally 

located south and southwest of Cabot Road, in the vicinity of former Mishawum Lake.  

TCE degradation by-products (1,1-dichloroethene, cis-1,2-dichlorethene) were also 

detected, but concentrations did not exceed the GW-2 or GW-3 standards.  Based on 

the available groundwater data, it appears that the source of the TCE along Cabot Road 

is not related to the Site. 

  

•  Although detected naphthalene concentrations did not exceed GW-2 or GW-3 

standards, elevated concentrations were observed in shallow groundwater adjacent to 

and north of the HBHA Pond.   

 

•  1,2-Dichloroethane was detected in well W5-05 at a concentration of 48 µg/L.  This 

concentration exceeds the GW-3 standard of 20 µg/L for this compound.  

 

•  Samples collected from varying depths at 10 boring locations along the southern 

perimeter of the Northern Study Area are considered representative of groundwater 

quality as it leaves the study area and enters the Wells G&H IWPA and were compared 

to GW-1 standards. Of the metals detected, only arsenic exceeded its GW-1 standard 

(50 µg/L).  No organic compounds were found to exceed the federal drinking water 

maximum contaminant levels (MCLs).  However, methyl tert-butyl ether in well AF-02 

(4,000 µg/L) exceeded the GW-1 standard (70 µg/L).  Chloroform was detected in well 

P1-03 at a concentration (4 µg/L) slightly less than the MCL (5 µg/L).  Based on the 
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available groundwater data, it appears that organic compounds present in groundwater 

along the southern perimeter of the Northern Study Area are not related to the Site. 

 

1.4.3 Summary of Sediment Contaminant Nature and Extent  

 

A total of 429 surface sediment samples (0-6 inches in depth) were collected from river, lake, 

and wetland locations in all reaches throughout the MSGRP RI Study Area during several GSIP 

and MSGRP investigations from 1995 through 2004.  In addition, sediment samples were also 

collected from local and regional reference stations from areas not expected to have been 

impacted by site-related contaminants.  All sediment samples were analyzed for metals and 

some were also analyzed for VOCs, SVOCs, pesticides, and polychlorinated biphenyl 

compounds (PCBs).  Metals concentrations observed in sediments were compared to 

concentrations found at the reference stations and to regulatory reference criteria, such as the 

EPA Region 9 PRGs and the Ontario Ministry of the Environment and Energy (OMEE) Severe-

Effects Level (SEL) sediment quality guidelines.   

 

•  The highest concentrations of metals and the most exceedances of reference criteria 

were found in the HBHA (Reach 0), the Wells G&H wetlands (Reach 1), and the 

Cranberry Bog Conservation Area (northern part of Reach 2).  The concentrations and 

frequency of criteria exceedances were generally highest in the HBHA, decreased 

somewhat in Reaches 1 and 2, decreased further in Reaches 3, 4, and 5, and then 

increased again in Reach 6 at the Mystic Lakes.  The number of metals exceeding 

reference criteria was highest in Reach 1, followed by Reaches 2 and 0. 

 

•  Arsenic exceeded all of the reference criteria cited above, in all reaches.  More than 50 

percent of the samples exceeded all reference criteria for iron and lead.  These 

exceedances, by reach, are summarized below: 

 

 REACH 
 0 1 2 3 4 5 6 
Arsenic               

Lead               
Iron               

  
Exceeds all reference criteria in >50% 
of all samples 
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•  Twenty VOCs were detected in study area surface sediment samples.  Most compounds 

were detected infrequently and at low concentrations. Only four compounds (benzene, 

tetrachloroethene, trichloroethene, and vinyl chloride) exceeded the EPA Region 9 

PRGs for residential soil in at least one sample.  Benzene exceeded the PRG standard 

(600 µg/kg) in one sample in Reach 0.  In Reach 1, tetrachloroethene exceeded the 

PRGs in two samples, trichloroethene exceeded the PRGs in five samples, and vinyl 

chloride exceeded the PRGs in one sample.  These four VOCs also exceeded all 

applicable reference criteria in at least one sample.  These exceedances occurred at 

seven locations in Reaches 0 and 1.   No samples from the rest of the study area 

contained VOCs at concentrations that exceeded all applicable criteria.   

 

•  Twenty three SVOCs, primarily polynuclear aromatic hydrocarbons (PAHs), were 

detected in study area surface sediment samples. The highest concentrations of SVOCs 

were generally found in Reach 3 and the highest frequencies of exceedance of 

reference criteria were found in Reaches 0 and 3.  Five PAHs (benzo(a)anthracene, 

benzo(a)pyrene, benzo(b)fluoranthene, dibenzo(a,h) anthracene, and indeno(1,2,3-

cd)pyrene) exceeded Region 9 PRGs in all study area reaches, and the reference 

stations.  Benzo(b)fluoranthene concentrations exceeded all criteria in at least one 

sample from every reach.  Bis(2-ethylhexyl)phthalate exceeded all criteria at only one 

location in Reach 0.  

 

1.4.4 Summary of Surface Water Contaminant Nature and Extent  

 

Beginning in May 2001 and ending in October 2002, an extensive 18-month surface water 

monitoring program was conducted throughout the watershed that included measurements of 

precipitation, streamflow, suspended sediment, and metals concentrations (dissolved and total), 

in addition to other physio-chemical parameters at 10 stations located along a 9-mile reach of 

the Aberjona River. The intensive monitoring period captured monthly baseflow sample data as 

well as six storm events spanning multiple seasons (spring, summer, and fall).   

 

•  Concentrations of metals in surface water sporadically exceeded the National Ambient 

Water Quality Criteria (NAWQC) at Stations 1-8 during both base flow and storm flow 

conditions.  No exceedances of NAWQC criteria were observed at Station 9 or 10 

(Mystic Lakes) at any time.  The most frequently detected metals exceeding NAWQC 
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CCC (chronic criterion) criteria included aluminum, copper, lead, and zinc.  Although the 

concentrations of arsenic were below NAWQC criteria (except one storm event sample 

collected at Station 4 exceeding the NAWQC CCC), both dissolved and particulate 

phases of arsenic represent potential impacts to downstream depositional areas.   For 

the majority of the 10 surface water sampling stations, the total arsenic concentrations 

were highest during storm flow conditions. 

 

•  The surface water monitoring data showed that metals transport is highly impacted by 

total suspended solids (TSS) concentrations. Spikes in metals concentrations are 

associated with spikes in TSS. Monitoring data collected during baseflow conditions 

show that arsenic concentrations are higher within the northern portion of the MSGRP RI 

Study Area in the HBHA. This trend was also observed for the other metals evaluated 

(chromium, copper, iron, lead, and mercury).  

 

•  The highest metals concentrations were most often observed at the outlet of the HBHA 

(Station 4). Spikes in metals concentrations at this station were associated with spikes in 

suspended sediment concentrations, indicating that elevated levels of metals at this 

station are associated with the particulate phase. The total metals concentrations 

typically decreased downstream of Station 4.  During storm events, the highest arsenic 

concentrations were observed at the outlet of the HBHA Pond (Station 2).  A chemocline 

exists within the HBHA Pond; created by low conductivity water contributed by Halls 

Brook and high conductivity groundwater contributed from Site-related groundwater.  

This chemocline effectively, albeit not completely, sequesters arsenic within the pond 

sediments and lower depths of the HBHA.  However, the chemocline becomes unstable 

during large storm events causing high concentrations in the deep surface water to mix 

with shallow water, and higher concentrations of arsenic to be released at the outlet.     

 

•  The reduction of metal concentrations observed during baseflow conditions between 

Station 4 and at Station 5 and subsequent downstream stations indicates that deposition 

is occurring between stations.  Sediment samples were collected at significant 

deposition areas along the HBHA and Aberjona River from the Industri-plex Site to the 

Mystic Lakes.  The distribution of arsenic and other metals along the river shows a clear 

pattern of metals transport from the northern part of the river and watershed originating 
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at the Industri-plex Site, south to the Mystic Lakes with the greatest area of sediment 

deposition occurring at the Wells G&H wetland and areas north.    

 

1.5  Fate and Transport of Key Contaminants 

 

Past storage, manufacture, and handling practices of numerous chemicals at the Industri-plex 

Site has resulted in the release of chemicals to Site soils of VOCs (aromatic hydrocarbons), 

SVOCs (including phthalates, phenols, and PAHs), and metals.  Depending on the combination 

of Site-related contaminants, geologic and hydrogeologic conditions, and surface features, 

contaminants released to Site soils have migrated into other environmental media, specifically 

the underlying groundwater, adjacent surface water bodies, and sediments. 

 

The fate and transport of contaminants evaluated in the MSGRP RI involve complicated and 

interdependent processes that affect mobilization of contaminants between various media and 

from reach to reach with the MSGRP RI Study Area.  The principal source of contamination 

within the MSGRP Study Area are the capped soils underlying the Industri-plex Site.  These 

contaminated soils are impacting groundwater, which in turn discharges to the HBHA Pond and 

wetlands and northern portions of the Aberjona River, subsequently impacting surface water.  

The surface water flows from the HBHA and Aberjona River combine at Mishawum Road and 

represents the primary contaminant transport vehicle for downgradient receptors.  While the 

applicable fate and transport processes are generally the same throughout the Study Area, the 

impacted media and contaminants of concern vary from the northern portions of the Study Area 

to the lower portions of the Study Area.  These general fate and transport processes are 

depicted in Figure 1-3 and are summarized as follows: 

 

 

FATE & TRANSPORT MODEL 
AREA IMPACTED MEDIA CONTAMINANTS  OF 

CONCERN 
Reach 0 
(Industri-plex Site and the HBHA) 

Soils, Groundwater, 
Sediment, Surface water VOCs, Metals 

Reach 1  
(38-acre Wells G&H wetland) 

Sediment, Surface water, 
Groundwater Metals 

Reach 2 to Reach 6  
(Cranberry Bog Conservation Area to 
the Mystic Lakes) 

Sediment, Surface water Metals 
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•  The most significant ongoing transport process for metals in soils underlying the Industri-

plex Site is leaching to groundwater.  Once in groundwater, contaminants continue to 

migrate via advection, diffusion, and dispersion processes.  The contaminants most 

widely detected in groundwater include arsenic, benzene, toluene, and to a lesser 

degree lead and zinc.  Contaminants are then transported through groundwater flow 

paths and are predominantly discharged in the northern portions of the HBHA Pond, 

impacting sediments and surface water.   

 

•  Portions of groundwater flow at greater depths continue to flow parallel to the main 

buried valley.  As evidenced by downgradient groundwater sample data, the deeper 

portion of the aquifer does not appear to be a significant pathway for contaminant 

migration as contaminant concentrations are not being sustained.  These contaminants 

are likely being attenuated by biological and chemical degradation, dispersion, and 

diffusion processes that are significantly influenced by geochemical conditions.  

 

•  Organic compounds in groundwater, such as benzene, discharging into the sediment 

and deeper portions of the HBHA Pond are generally attenuating to very low 

concentrations or are not detected in shallow portions of the HBHA Pond surface water.   

The VOCs in sediments may biodegrade, partition to surface water, or remain bound to 

the organic matter present in stream sediments. VOCs that enter into surface water can 

volatilize into the ambient air where they are degraded by photolysis or hydrolysis 

remain in surface water and undergo degradation processes such as biodegradation, 

hydrolysis, or reduction-oxidation reactions or become attenuated through dilution, 

diffusion, and advection.  A study conducted by MIT in 2000 concluded that 

biodegradation at the anoxic/oxic interface was the largest sink for benzene in the HBHA 

Pond as compared to other fate and transport processes. 

 

•  Available data indicate that because of biological activity occurring in VOC-contaminated 

soils - most probably degradation of aromatic hydrocarbons (benzene and toluene), or 

natural organic carbon from the wetland deposits as well as the degradation of waste 

animal hides located in the hide piles and BECO right-of-way - a reducing environment 

in groundwater has been created at the Industri-plex Site.  In turn, metals such as 

arsenic and iron, are being reduced, rendered more soluble, and therefore much more 

mobile in groundwater.  These actions are evidenced by observed groundwater arsenic 
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levels as well as the presence of arsenic in surface water samples collected in the 

groundwater discharge zones in the HBHA Pond.   

 

•  A fraction of the dissolved arsenic being discharged from groundwater in the HBHA 

Pond sediments becomes bound to ferric oxides and effectively removed from the water 

column and becomes part of the sediment load.  However, a portion of the dissolved 

arsenic continues to migrate through the sediments, diffusing further into the water 

column, whereby the arsenic can either be further sequestered from solution during 

oxidation and precipitation of ferrous iron at the oxic-anoxic interface or be transported 

downstream.  These reactions are dependent upon a fairly stable chemocline that is 

present at a depth of 9 to 15 feet, or about mid-way to the bottom of the HBHA Pond.  

The chemocline is induced by the difference in specific conductance between oxic 

surface water and anoxic contaminated groundwater, and steady inputs of oxygen, iron, 

sulfates, and organic carbon from groundwater.  The relative position of the chemocline 

fluctuates throughout the year due to seasonal variations in temperature and surface 

water flow. Below the chemocline in deep surface water, high concentrations of 

dissolved arsenic (up to 5,043 µg/L), benzene (up to 2,530 µg/L), and high conductivity 

were present in the HBHA Pond.  Sudden increases in flows, as seen during storm 

conditions, mix the water column and break down the chemocline, thus allowing more 

arsenic to be “flushed” downstream.  However, the chemocline has been shown to be re-

established within a period of less than a month due to the continuous flux of high 

specific conductance groundwater derived from the Industri-plex Site. 

 

•  The basic chemical reactions controlling arsenic distribution and recycling between the 

sediments and the water column in the HBHA Pond are depicted in the following fate 

and transport schematic.  The schematic on the right represents the overall general 

processes occurring below the chemocline.  The schematic on the left represents the 

specific chemical reactions taking place between the arsenic, iron, and oxygen.  

Processes that remove arsenic from the HBHA Pond water column are indicated with 

minus signs (including discharge to the downgradient wetland and ultimately, the 

Aberjona River).  Maintenance of a relatively stable chemocline is important to the 

applicability of the reaction scheme in the diagram. 
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•  Once in the surface water column, in either dissolved form or associated with the 

suspended solid load, arsenic will continue to migrate downstream with the flow of water.  

Depending on the geochemical and flow conditions, dissolved metals in the water 

column may absorb to suspended solids, such as fine grained soil particles or other 

metal complexes, and either precipitate and become part of the sediment bed load, or be 

transported within the water column as part of the suspended solid load and be 

deposited at locations downstream.  

 

•  As part of the sediment bed load, and depending on the geochemical conditions, metals 

may dissolve from the sediment particles back into the surface water, whereby the cycle 

of dissolution and precipitation would continue.  This cycling was mostly observed within 

portions of the HBHA that exhibited significant anoxic/reduced conditions, specifically, 

within the HBHA Pond.  However, whereas wetlands in general typically exhibit reduced 

conditions or present a significant source of sulfides under oxic conditions, this cycling 

may be occurring at other portions of the HBHA, but likely at a lesser degree than the 

HBHA Pond due to its unique geometry, geochemistry, and influx of anoxic groundwater. 
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•  Due to its proximity to the Lower South Pond and wetlands, groundwater along the 

eastern edge of the West Hide Pile, where another source of benzene was detected, is 

likely discharging to the surface water of the adjacent pond and wetland areas as 

evidenced by the absence of benzene in groundwater samples downgradient of the 

West Hide Pile.  Once discharged to the sediments and surface water, the benzene is 

likely being attenuated by biodegradation, chemical degradation, volatilization, and 

dispersion as seen in the HBHA Pond. 

  

•  Surface water data collected from Halls Brook indicate that during storm events, slightly 

elevated concentrations of chromium and lead are also flowing into the HBHA Pond.  

However, only lead exceeded its NAWQC CCC (i.e. chronic) criterion (2.5 µg/L) during 

both storm event and baseflow conditions. The source for this contamination is likely the 

New Boston Street Drainway and the East Drainage Ditch based on surface water 

quality samples collected during construction of the remedy and sediment data collected 

during this investigation. Historically, Olin Chemical Corporation has been identified as a 

source of chromium contamination in sediments along the East Drainage Ditch, a small 

tributary to Halls Brook. 

 

•  An evaluation of potential impact of the contaminated river sediments on groundwater in 

the Wells G&H wetland concluded that the arsenic in the river and wetland sediments 

and surface water would not adversely affect the development of large-capacity potable 

water supply wells in the Wells G&H Central Area aquifer.  This conclusion was based 

on historical water quality data from municipal Wells G and H information regarding the 

hydrologic relationship between the aquifer, the river and the wetlands, geochemical 

conditions existing in the aquifer; recent water quality data from the sampling of various 

monitoring wells and surface water stations during site investigations, and known and 

postulated geochemical behavior of the contaminants and associated metals, notably 

iron and manganese. These results suggest that arsenic in the river and sediments is 

unlikely to migrate to drinking water supply well(s) above its current drinking water 

standard (MCL).   

 

•  Based on the surface water data, surface water clearly is the transport mechanism that 

is facilitating the transport of arsenic (and other metals) through the river system 

downstream of the Industri-plex Site.  This fate and transport mechanism is 
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demonstrated by the baseflow and storm flow surface water sample data collected 

during the 18-month investigation and is also evidenced by sediment data collected 

throughout the Aberjona River.  Based on these data, the highest concentrations of 

arsenic are in the northern part of the MSGRP RI Study Area in Reach 0, and steadily 

decrease as the river flows south through Reach 1-6.  Concentrations of arsenic and 

other metals in surface water at the furthest downstream monitoring stations, located at 

the Mystic Lakes, show further reductions in metals concentrations, as well as TSS 

concentrations, during both baseflow and storm flow conditions.   

 

1.6 Human Health and Ecological Risks 

 

Data collected during this investigation were evaluated for potential human health and 

ecological risks.  Separate baseline risk assessments were completed for the Northern Study 

Area and the Southern Study Area to determine whether contaminated media (surface water, 

sediment, sediment cores, soil, groundwater, and soil gas) pose risks to human and ecological 

receptors.  The results of the human health and ecological risk assessments have been 

combined into a comprehensive risk evaluation for the Industri-plex Site and the entire Aberjona 

River.  The comprehensive risk assessment results are summarized in the following sections. 

 

1.6.1  Human Health Risks 

 

For the purposes of the human health risk assessments, the Northern and Southern Study 

Areas were divided into stations, defined as areas of recreational use (wading or swimming) 

along the Aberjona River, Mystic Lakes, HBHA, and associated wetland/floodplain areas at 

which human exposures to multiple environmental media (soil, sediment, and surface water) 

may occur.  Additional areas containing residual soil contaminants (the former Mishawum Lake 

bed) were also evaluated.  Northern Study Area groundwater was comprehensively evaluated 

for potential direct (industrial use) and indirect (subsurface migration to indoor air) contaminant 

exposures.   

 

Prior to completion of the human health risk assessments, EPA completed an arsenic 

bioavailability study to assist in the quantification of sediment risks and hazards, which 

determined that site-specific arsenic is absorbed less efficiently from sediment than from a 

water medium.  Based on this study, the relative bioavailability estimate was used to quantify 
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sediment ingestion risks and hazards.  In addition, site-specific chromium VI (hexavalent 

chromium) data for sediments in the Northern and Southern Study Area and soils in the 

Northern Study Area were collected and used in the risk assessments to more accurately 

characterize sediment and soil risks and hazards at the study areas.  The 95% Upper 

Confidence Limits (UCLs) were calculated using USEPA’s software program ProUCL version 

3.0, and used as exposure point concentrations (EPCs) whenever possible.  

 

The potential non-carcinogenic hazards and carcinogenic risks for the central tendency (CT) 

and reasonable maximum exposure (RME) cases were estimated.  Exposure assumptions used 

in the risk assessment are provided in Appendix A, Tables 2-1 through 2-6.  An overall summary 

of locations and media where estimated carcinogenic risks and non-carcinogenic hazards 

exceed the USEPA target cancer risk range of 10-6 to 10-4 and/or a target hazard index of 1 for 

non-carcinogenic effects is presented in Table 1-1 and Figures 1-4 and 1-5.  The evaluation of 

current and potential future surface water, fish, and soil gas exposures did not result in the 

estimation of carcinogenic risks and non-carcinogenic hazards above regulatory guidelines and 

are not discussed further.  Cumulative receptor risks and hazards, summed across all 

applicable media, are provided in the Northern and Southern Study Areas baseline human 

health risk assessments. The areas with human health risks exceeding EPA’s target risk range 

or target hazard index are discussed below, by medium. 

  

1.6.1.1  Sediment   

 

Recreational exposures evaluated included incidental ingestion of and direct dermal contact 

with accessible sediments.  Accessible sediments were defined as sediments present in areas 

of mild to moderate vegetation, of generally shallow (less than two feet) and slow moving 

surface water, with gradual banks, and/or less than 30 feet from shore.  Recreational receptors 

(young children, teenagers, and/or adults) were selected for evaluation at individual stations 

after consideration of current and reasonable potential future land use (residential, park land, or 

commercial).   Based on the City of Woburn’s February 2005 draft redevelopment plan, future 

reuse plans are not anticipated for the interior wetlands represented by Station NT-1 (nature trail 

with wetland board walk) and NT-2 (nature trail with wetland pier).  Hence, sediment exposure 

pathways for NT-1 and NT-2 are currently considered incomplete, and have not been included 

in the listing of locations exceeding risk management guidelines below.  If necessary, these 

decisions will be further reviewed upon finalization of the City’s redevelopment plan.  
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Figure 1-4 shows the locations of the sediment stations associated with current and future risks 

and hazards in excess of regulatory guidelines. 

 

•  For the current scenario, risks and hazards above risk management guidelines were 

estimated for sediment exposure at Station WH, located near well H in the Wells G&H 

38-acre wetland north of Salem Street in Woburn, and Station CB-03, located on the 

western-central  side of the former cranberry bog immediately south of Salem Street.  In 

Summer 2004, these areas were posted with warning signs discouraging contact with 

sediments in these two areas. 

 

•  For the future scenario, potential risks and hazards above risk management guidelines 

were estimated at Stations 13/TT-27, WH, NT-3, and CB-03.  All stations are located 

within the Wells G&H 38-acre wetland except for Station CB-03, the sample in the 

former cranberry bog.  Station NT-3 is an area within potential future land use scenarios 

developed by the City of Woburn for the construction of a nature trail within the Wells 

G&H wetland.  Station NT-3 and WH generally represent the same exposure area.  

Station 13/TT-27 is located on the western side of the Wells G&H 38-acre wetland.  

 

•  The risk exceedances were due primarily to the presence of arsenic in sediment.  For 

Stations 13/TT-27, WH, and CB-03, areas of significantly elevated arsenic 

concentrations were localized in nature.  Benzo(a)pyrene was also a minor risk 

contributor at Stations 13/TT-27 and WH.  The risk associated with benzo(a)pyrene and 

the concentrations of benzo(a)pyrene present at these stations fall within the range of 

estimated risks and detected concentrations at the reference stations. 

 

1.6.1.2  Sediment Cores 

 

Sediment cores were evaluated for a potential future dredging scenario which assumed that 

workers would contact contaminated sediments up to 4 feet in depth during excavation/dredging 

for flood mitigation and control construction projects.  Worker exposures evaluated included 

incidental ingestion of and direct dermal contact with sediments.  Figure 1-4 shows the sediment 

core locations associated with future risks and hazards in excess of regulatory guidelines. 
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•  For the future scenario, hazards above risk management guidelines were estimated at 

sediment core locations SC02, located in the HBHA wetland, and SC05, SC06, and 

SC08, located within the Wells G&H 38-acre wetland.  The risk exceedances were due 

primarily to the presence of arsenic in sediment.  

 

1.6.1.3  Soil 

 

Recreational exposures evaluated included incidental ingestion of and direct dermal contact 

with floodplain soils.  Recreational receptors (young children, teenagers, and/or adults) were 

selected for evaluation at individual stations after consideration of current and potential future 

land use (residential, park land, or commercial).  In addition, residual soil contaminants within 

the former Mishawum Lake bed were evaluated for potential exposures to current and/or future 

day care children, groundskeepers, and construction workers.  Figure 1-4 shows the soil 

locations associated with future risks and hazards in excess of regulatory guidelines.  

 

•  For the future scenario, risks and hazards above risk management criteria were 

estimated for future day care children exposed to surface (i.e., SO-13, SO-14 and 

SO-16) and subsurface soils (i.e., SO-13, SO-11, SO-3, and SO-14) within the former 

Mishawum Lake bed area due primarily to arsenic. 

 

•  Non-carcinogenic hazards above risk management criteria were estimated for future 

construction workers exposed to subsurface soils (i.e., SO-13, SO-11, SO-3, and SO-14) 

within the former Mishawum Lake bed area due primarily to arsenic.   

 

1.6.1.4  Groundwater 

 

Specific industrial groundwater use evaluated included process water use (incidental ingestion, 

dermal contact, and inhalation exposures) and the use of groundwater in a warm water car 

wash (inhalation exposures). Because groundwater throughout the study area is relatively 

shallow, future construction workers may also be exposed to groundwater contaminants during 

excavations down to the water table.  Figure 1-5 shows the monitoring well locations associated 

with future risks and hazards in excess of regulatory guidelines.  Risks and hazards in excess of 

regulatory guidelines were estimated for groundwater used as process water, used in a warm 

water car wash, and for worker-related exposures to shallow groundwater.   
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•  The primary risk contributor for process water use and for construction worker-related 

exposures is arsenic.  The elevated arsenic concentrations associated with risks and 

hazards above risk management criteria are found within the boundaries of the 

Industri-plex Site and the HBHA Pond area. 

 

•  Benzene, trichloroethene, and naphthalene were also identified as primary risk 

contributors for process water use and the use of groundwater in a warm water car wash 

within the boundaries of the Industri-plex Site and the HBHA Pond area.  

Trichloroethene in groundwater was also identified as a primary risk contributor for the 

Cabot Road area.  Based on available groundwater data, it appears that the source of 

trichloroethene along Cabot Road is not related to the Site.    

 

•  Additional minor risk contributors for process water and warm water car wash use 

include: 1,2-dichloroethane, chloroform, and methyl tert-butyl ether.  1,2-Dichloroethane 

was also localized within the Industri-plex Site.  Chloroform and methyl tert-butyl ether 

were only found along the southern perimeter of the Northern Study Area.  Based on 

available groundwater data, chloroform and methyl tert-butyl ether do not appear to be 

related to the Site. 

 

•  Arsenic contaminated groundwater discharges primarily to the HBHA Pond.  It should be 

noted that the migration of arsenic-contaminated surface water from the HBHA in the 

Northern Study Area to depositional areas in the Southern Study Area (i.e., the Wells 

G&H 38-acre wetland and the former cranberry bog) contribute to the human health risks 

and hazards above risk management guidelines observed at sediment stations 

13/TT-27, WH, NT-3, and CB-03 in the Southern Study Area. 

 

1.6.1.5  Uncertainty  

 

The following summarizes the major sources of uncertainty in the risk assessments: 

 

•  In cases where there is high degree of variability between the data points for a 

contaminant, an exposure point concentration (EPC) may be uncertain.  For example, 

the sediment EPC for arsenic at sediment core location SC02 is uncertain due to one 

elevated arsenic detect (1,600 mg/kg in the 0- to 1- foot depth interval) compared to the 
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remainder of the data set.  This uncertainty is also applicable to SO soils due to 

sampling location SO-13 (2,680 mg/kg in the 8-foot interval), sediments at Station 

13/TT-27 due to sampling locations SD-13-01-FW and SD-13-02-FW (4,210 mg/kg and 

2,480 mg/kg), sediments at Station WH due to sampling location SD-12-01-ME (3,230 

mg/kg), and sediments at Station CB-03 due to sampling location CB-03-11 (1,410 

mg/kg).  This uncertainty may result in either an overestimate or underestimate of risk 

and hazard. 

 

•  Even though low-flow sampling techniques were used to collect Northern Study Area 

groundwater samples, a number of monitoring wells could not be stabilized prior to the 

collection of groundwater samples.  These samples may have contained elevated levels 

of suspended particulate materials, resulting in an overestimate of the bioavailable 

contaminant levels in the samples.  Risk estimates based on groundwater samples 

containing elevated levels of suspended solids may overestimate risk and hazard. 

 

•  Future air EPCs for the industrial and commercial groundwater use scenarios were 

generated from groundwater data through the use of volatilization and dispersion 

modeling.  Parameter values used in these models were selected to represent 

reasonable maximum exposures that may occur in the future should groundwater be 

used as process water or for use in a warm water car wash.  The risk and hazard 

associated with future groundwater use may be less than estimated should groundwater 

uses that result in a lower degree of worker exposures be considered (e.g., use of 

groundwater for cooling in a closed system). 

   

1.6.2  Ecological Risks 

 

The baseline ecological risk assessments used effects-based screening criteria to identify 

contaminants of potential concern (COPCs) in each medium.   Receptor species were selected 

for exposure evaluation to represent various components of the food chain in the river/wetland 

ecosystem, and included: muskrat, green heron, mallard, short-tailed shrew, benthic 

invertebrates, and several species of warm water fish.  In addition, in the Northern Study Area, a 

piscivorous mammal, the river otter, was also evaluated.   
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The risks identified for each receptor were reviewed with consideration of the level of the risk to 

the population or community, the uncertainty associated with the analysis, and the amount and 

quality of the affected resource.  The results were interpreted further within the context of the 

magnitude of the effect, the uncertainty of the estimates, and the ecological significance of the 

effect.  Overall summaries of estimated risks are presented for each receptor species or 

community in Table 1-2. 

 

Each endpoint has associated with it a magnitude of risk and a degree of uncertainty.  The 

magnitude of risk incorporates both the degree to which the endpoint was exceeded and also 

the proportion of the habitat affected.  Since the endpoints were population-based, a reasonable 

probability of risk was determined to be present only when a risk was present throughout the 

majority of the organism’s habitat.  The ecological significance related to each receptor/endpoint 

was evaluated in terms of factors defined by EPA.  An evaluation of these factors is used to 

clarify if risks associated with contamination are present at levels that represent unacceptable 

ecological risk.  Each of the six categories evaluated in Table 1 were used to support a 

conclusion about the ecological significance of each endpoint where risk was identified.  The 

magnitude of the potential risk was further considered when evaluating the significance of each 

factor.  

 

Based on the analysis of the seven selected indicators/endpoints, the only area of unacceptable 

ecological risk is in the HBHA Pond, where the potential risk to aquatic receptors is due to 

benzene and arsenic in the deeper water.  The potential risk to the benthic invertebrate 

community is due to inorganic COPCs, especially arsenic. In addition, evidence suggests that 

there is high exposure to inorganic COPCs, especially arsenic, for semi-aquatic mammals, 

bottom feeding fish, and small forage fish in several other areas in the MSGRP RI Study Area.  

However, in general, the resulting level of ecological risk for these receptors is low.  The 

magnitude of these risks and the uncertainty associated with the ecological effects for each 

receptor is discussed below. 

 

1.6.2.1  Ecological Risks Due to Surface Water 

 

Surface water screening indicated a possible risk to aquatic life from exposure to benzene and 

arsenic in the HBHA Pond.  Exposure is mainly to aquatic invertebrates in the deep water at the 

sediment-water interface.  Downgradient of HBHA Pond, the surface water concentrations of 
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dissolved arsenic were below NAWQC and were well below those expected to cause effects on 

aquatic life, including invertebrates, and fish.  

 

1.6.2.2  Ecological Risks Due to Sediment  

 

The effect of sediment contaminants on sediment-dwelling benthic invertebrates was the subject 

of extensive analysis, including toxicity testing, invertebrate tissue analyses, and benthic 

invertebrate community studies.  An evaluation of the benthic invertebrate measurement 

endpoints indicates that there were potential impacts from inorganic contaminants on 

invertebrate communities within the study area.  Data were used to evaluate the relationship of 

sediment contaminant concentrations, benthic invertebrate toxicity testing results, and benthic 

community composition data.   

 

•  There is evidence of severe toxicity to benthic organisms at the HBHA Pond. Some 

evidence of invertebrate toxicity was also observed indicating potential effects from 

exposure to sediments at stations downstream of the HBHA Pond in the HBHA Wetland 

sediments and in reaches 1 and 2 of the Southern Study Area.  The toxicity testing 

results were highly correlated to sediment arsenic concentrations, particularly when the 

effect of high iron concentrations was taken into account.  

 

•  Although severe impairment of communities was not observed in the Southern Study 

Area, a reduction in diversity and an increase in dominance of oligochaetes and 

chironomids was observed in stations with higher arsenic concentrations.   

 

•  Based on multivariate analysis of community composition, the strongest factors 

affecting the invertebrate community were the acid volatile sulfide (AVS) content of the 

sediment, the depth of the sampling location, the dissolved oxygen in the overlying 

water, and the habitat characteristics (flow) of the location from which the sample was 

collected.  These factors are considered environmental variables that are not associated 

with chemical contamination.  When these environmental variables are segregated from 

the overall community composition effects, the results show a portion of the community 

structure is strongly correlated to the sediment arsenic:iron ratio. Stations with high 

arsenic concentrations, but with high iron as well, have lower toxicity due to the effect of 

iron to bind arsenic in less toxic forms.  The availability and toxicity of arsenic in the 
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HBHA Pond is unique due to the strongly reducing conditions in the water.  The 

discharge of dissolved arsenic at the sediment-water interface, at concentrations well 

above NAWQC values, support the conclusions that the absence of invertebrates is 

related to contamination in the sediments of the pond. 

 

•  The levels of contaminants observed outside of the HBHA Pond correspond to 

detectable but small changes in community composition correlated to contaminant 

concentrations in the sediment, particularly with arsenic:iron ratios.  The analysis 

indicates that the benthic community shows some shifts in community composition 

which is associated with the bioavailable fraction of arsenic in the sediment 

(represented by the arsenic:iron ratio).  The community analyses also support the 

conclusions that the community structure at the two deep stations in the HBHA Pond 

are uniquely impaired and dissimilar to other study area and reference stations.  

 

The summary of risk (Table 1-2) indicates a difference in the magnitude of the risk to benthic 

invertebrates between the HBHA Pond and the remainder of the combined study area.  In the 

HBHA Pond, there is a high risk and confidence, based on several supporting lines of evidence, 

that there is severe toxicity and impairment of benthic communities.  In the downgradient areas 

(HBHA Wetlands and the Southern Study Area), the evidence indicates a low magnitude of 

toxicity, although there was a high correlation of effects with distribution of site contaminants 

(primarily arsenic).  Since benthic invertebrates provide important functions in aquatic 

ecosystems, the impact on the benthic community in the HBHA Pond, with severe toxicity and 

impairment of benthic communities, represents a significant ecological effect.  Due to the 

magnitude of the adverse effect on this receptor community, the impact on the benthic 

community in the HBHA Pond represents an unacceptable ecological risk. 

 

1.6.2.3   Ecological Risks Due to Soil 

 

Risks from exposure to soil-related contaminants were evaluated first by screening soil 

concentrations against soil screening benchmarks.  As a second step,  effects on terrestrial  

receptors exposed to soil contaminants through ingestion of biota exposed to soils was 

addressed in the food chain models using short-tailed shrew as the small mammal receptor.   
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1.6.2.4  Ecological Risks to Fish 

 

The potential effects of contaminant exposure on fish populations were evaluated through 

analysis of fish tissue COPC concentrations in both the Northern and Southern Study Areas.  In 

addition, population studies were conducted in the Northern Study Area in order to document 

the fish community structure at two study area ponds (HBHA Pond and HBHA Wetland Pond 

No. 3) as compared to two reference ponds.       

 

•  The population data from the Northern Study Area indicated impairment of fisheries; 

however, the relative influence of poor quality habitat conditions could not be 

distinguished from impacts associated with toxicity from contaminants.  The tissue data 

provided evidence of potential ecological effects in the Northern Study Area and 

negligible effects in the Southern Study Area; although population data are inconclusive 

about the role of toxicity in impairing fish populations in the Northern Study Area ponds.  

The risks to fish were possibly underestimated based on the inability to discern any 

impacts from the exposure to toxic substances from impacts associated with the limited 

and poor overall habitat. 

 

•  The risks to fish populations is located in the Northern Study Area ponds and associated 

with the high exposure to arsenic.  The area of highest exposure and potential impacts is 

in the HBHA Pond and the HBHA Wetland Pond No. 3, which also represents an area of 

relatively low quality aquatic habitat.  The value of the potential resource at risk is 

relatively high, as the affected receptors included populations of several species of 

bottom feeding and small foraging fish.  The magnitude of the risk is low, with 

uncertainty (Table 1-2) related to the lack of ability to discern impacts associated with 

contamination from the population studies.  Although this endpoint represents a potential 

impact of relatively high ecological significance, the measured magnitude of the risk is 

low, and associated with uncertainty.  Hence, the overall impact on fish populations is 

not considered an unacceptable ecological risk. 

 

1.6.2.5  Ecological Risks to Wildlife 

 

Estimates of dietary exposures for wildlife were quantified for each of the selected receptor 

species.  Dietary exposure models were used to estimate exposure of each receptor species to 
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each of the COPCs identified in the screening of sediment, surface water, and soil data (as 

applicable) from the study areas.   

 

•  Based on the dietary modeling, there were negligible risks to green heron from exposure 

to COPCs in both of the study areas.  In addition, there were negligible risks to river otter 

from exposure to COPCs through dietary exposure in the Northern Study Area.  The 

majority of the diet for both green heron and river otter was based on consumption of 

fish.  Since the concentrations of COPCs in fish tissue were generally lower in the 

Southern Study Area, risks to otter in these reaches are also negligible (Table 1-2). 

 

•  Food chain modeling based on site-specific data indicated negligible risk to mallard duck 

from exposure to COPCs in the Northern Study Area.  For mallard, chromium, lead, and 

mercury posed low risk in the Southern Study Area, mainly within the Wells G&H 

38-acre wetland, resulting from high sediment concentrations of these metals in 

Reaches 1 and 2.  The likelihood that high concentrations of sediment metals in limited 

areas of the 38-acre wetland will have serious population effects on a species with wide 

foraging ranges, like mallards, is low.  Although habitat of the 38-acre wetland is 

considered to be of relatively high quality and local ecological significance, the low 

probability of impacts on the receptors result in low ecological significance of the effects 

on waterfowl (Table 1-2).   Hence, the impact on the mallard population is not 

considered an unacceptable ecological risk. 

 

•  Based on the muskrat models, there is potential risk to muskrat from ingestion of 

arsenic. These risks have been evaluated in the context of the limitations of the data and 

the models.  Within this context the risk to muskrat exceeds levels potentially associated 

with harm (growth or reproduction), but the uncertainty associated with these estimates 

is high.  The relatively low magnitude of the risk estimates (HQ values less than 10) and 

the high uncertainty associated with the models leads to a conclusion of low probability 

of significant population effects on muskrat in the study areas.  Based on the data 

collected, the risk assessment does not provide sufficient evidence to conclude that 

arsenic contamination in the study areas is causing an adverse effect on muskrat 

populations that is of sufficient magnitude, severity, and extent that the population will 

not be maintained in an acceptable state.  Hence, the impact on the muskrat population 

is not considered an unacceptable ecological risk.  
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•  Arsenic was identified as posing a potential effect on shrew in both the Northern and 

Southern Study Areas.   The relatively low magnitude of the risk estimates and the high 

uncertainty associated with the models leads to a conclusion of low probability of 

significant population effects on short-tailed shrew and other small terrestrial mammals 

in the study area.  The available habitat for small terrestrial mammals such as short-

tailed shrew is limited to the borders of the wetland.  Although the habitat for small 

mammals may be locally important, the magnitude of the potential effects is low (with 

high uncertainty), leading to a conclusion of no significant ecological effects related to 

contaminant exposures to small mammal populations (Table 1-2).  Hence, the impact on 

the shrew populations is not considered an unacceptable ecological risk.   

 

1.6.2.6  Ecological Risk Conclusions 

 

Based upon the evaluation conducted under this Baseline Ecological Risk Assessment 

Summary for the combined study areas, significant ecological risks are present in the HBHA 

Pond within the Reach 0 of the Northern Study Area immediately downstream of the current 

Industri-plex Superfund Site boundaries.  These significant risks were primarily associated with 

metals contamination, particularly arsenic, in the sediments and their toxicological effects on the 

benthic invertebrate community.   

 

Risks to aquatic organisms are also associated with high observed concentrations of benzene 

and dissolved arsenic in the deep water of the HBHA Pond.  Dissolved arsenic concentrations 

were measured significantly above NAWQC values for aquatic life. These risks are consistent 

with the observed impairment of benthic invertebrates in the deep water of the HBHA Pond.  

These significant risks are considered unacceptable ecological risks to the HBHA Pond.    

 

Risks to receptors downgradient of HBHA Pond are low (Figure 1-6).  These include low risks to 

benthic invertebrates and herbivorous mammals, associated with high concentrations of 

sediment arsenic. These low risks are not considered unacceptable ecological risks to 

ecological communities in the HBHA Wetlands, Wells G&H 38-acre wetland, and Former 

Cranberry Bog.    
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1.6.3 Summary of Human Health and Ecological Risks 

 

Chemicals have been detected in some areas of the MSGRP RI Study Area that have been 

shown to present human health risk and hazards above EPA risk management guidelines and 

unacceptable ecological risks.  At a minimum, cleanup alternatives should be developed in the 

Feasibility Study to address the areas and major risk contributors summarized in the following 

table: 

 

HUMAN  HEALTH  RISK 

RISK AREA SCENARIO/ 
RECEPTOR 

IMPACTED 
MEDIA 

MAJOR CONTAMINANT 
CONTRIBUTING TO RISK 

Industri-plex Site 
(Reach 0) 

Future Construction 
Worker Groundwater (NC) - Arsenic 

Industri-plex Site / 
HBHA Pond Area 
(Reach 0) 

Future Industrial Worker Groundwater, 
Indoor air 

(NC) - Benzene, 
naphthalene, arsenic 
(C)- Trichloroethene  

Former Mishawum 
Lake & South of 
Cabot Road Area 
(Reach 0) 

Future Industrial Worker Groundwater, 
Indoor air (C)- Trichloroethene   

Industri-plex Site / 
HBHA Pond Area 
(Reach 0) 

Future Car Wash 
Worker Indoor air 

(C)- Trichloroethene            
(NC) - Benzene, 
naphthalene 

Former Mishawum 
Lake & South of 
Cabot Road Area 
(Reach 0) 

Future Car Wash 
Worker Indoor air (C)- Trichloroethene            

 

Wells G&H Wetland 
(Reach 1); and 
Former Cranberry 
Bog (upper Reach 2) 

Current/ Future 
Recreational Exposure Sediment (C) – Arsenic 

(NC) – Arsenic 

HBHA (Reach 0); 
and Wells G&H 
Wetland (Reach 1) 

Future Dredger/ 
Construction Worker Sediment (NC) – Arsenic 

Future Day Care Child 
(surface soil) Soil (C) - Arsenic 

Future Day Care Child 
(subsurface soil) Soil (C) – Arsenic 

Former Mishawum 
Lake Area (Reach 0) 

Future Const. Worker 
(subsurface soil) Soil (NC) - Arsenic 

ECOLOGICAL  RISK 

HBHA Pond Benthic Invertebrate 
Communities 

Sediment ,      
Deep surface 

water 
Arsenic and Benzene 

(NC) – Non-carcinogenic Hazard  (C) – Carcinogenic Risk 
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2.0   IDENTIFICATION AND SCREENING OF TECHNOLOGIES 

 

Remedial alternatives are developed by assembling combinations of technologies and the 

media to which they would be applied into an appropriate range of alternatives that address site 

contamination.  This section presents the preliminary phase of the remedial alternatives 

development process.  The process consists of the following steps: 

 

•  Development of RAOs that is protective of human health and the environment and which 

specify the contaminants and media of concern, exposure pathways, and PRGs that 

permit a range of treatment and containment alternatives.  

  

•  Development of general response actions for each medium of interest that define 

measures that may be taken singly or in combination to satisfy the RAOs. 

  

•  Identification of the volumes or areas of media to which the general response actions 

might be applied. 

  

•  Identification and screening the technologies applicable to each general response 

action. 

 

Section 2.1 presents a preliminary listing of ARARs and other guidance to be considered in the 

development of RAOs.  Section 2.2 presents the RAOs for each contaminated medium at the 

Site and areas identified in the MSGRP Study Area. Section 2.3 presents the general response 

actions that may be implemented to achieve the RAOs for each medium and identifies the 

volumes and areas of media to which the general response actions may be applied, and 

Section 2.4 presents the screening of technologies and process options. 

 

2.1  Applicable or Relevant and Appropriate Requirements (ARARs) 

 

Section 300.430(f) of the NCP requires that on-site remedial actions at CERCLA sites must 

meet ARARs under federal or state environmental or facility siting laws unless there are 

grounds for invoking a waiver.  Other federal and state advisories, criteria, or guidance, as 

appropriate (to be considered [TBCs]), should be considered in formulating the remedial action. 
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ARARs are promulgated, enforceable federal and state environmental or public health 

requirements.  There are two categories of requirements:  “applicable” and “relevant and 

appropriate”.  Under CERCLA, a regulation may either be considered, “applicable” or “relevant 

and appropriate,” but not both.  These categories are defined below: 

 

Applicable Requirements – Section 300.5 of the NCP defines applicable requirements as “those 

cleanup standards, standards of control, and other substantive environmental protection 

requirements, criteria, or limitations promulgated under Federal or State law that specifically 

address a hazardous substance, pollutant, contaminant, remedial action, location, or other 

circumstance at a CERCLA site”. 

 

Relevant and Appropriate Requirements – Section 300.5 of the NCP defines relevant and 

appropriate requirements as “those cleanup standards, standards of control, and other 

substantive environmental protection requirements, criteria, or limitations promulgated under 

Federal or State law that, while not ‘applicable’ to a hazardous substance, pollutant, 

contaminant, remedial action, location, or other circumstance at a CERCLA site, address 

problems or situations sufficiently similar to those encountered at a CERCLA site that their use 

is well suited to the particular site.” 

 

To be considered (TBCs) guidelines are non-promulgated criteria, advisories, and guidance 

issued by the federal or state governments.  Along with ARARs, TBCs may be used to develop 

the interim action limits necessary to protect human health and the environment. 

 

ARARs requirements under CERCLA pertain to on-site activities only.  Off-site activities relating 

to hazardous waste disposal are required to meet all applicable laws including, but not limited 

to: Department of Transportation regulations governing the marking and labeling of hazardous 

materials shipments (49 CFR 192), shipping requirements (49 CFR 173), and transport of 

hazardous materials by motor vehicles  (49 CFR 173 and 49 CFR 177); the RCRA regulations 

governing transporter activities and treatment, storage, and disposal facilities (40 CFR 261-

264), land disposal restrictions (40 CFR 268), off-site response actions (40 CFR 300.440); and 

CERCLA 121(d)(3). 

 

The Occupational Safety and Health Administration (OSHA) regulations are not ARARs, but 

apply to both on- and off-site activities.  These include regulations governing performance of 
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activities at hazardous waste sites (29 CFR 1910.120), general construction guidelines (29 CFR 

1926), and occupational exposure to asbestos (29 CFR 1910.1001). 

 

ARARs and TCBs are divided into three categories: chemical-specific, location-specific, and 

action-specific.  In Sections 2.1.1 through 2.1.3, these categories are briefly described and 

potential ARARs and TBCs for the Site are identified. 

 

2.1.1 Chemical-Specific ARARs 

 

Chemical-specific ARARs are typically health- or risk-based numerical values or methodologies 

which, when applied to site-specific conditions, result in the determination of numerical values 

that establish the acceptable amount or concentration of a chemical that may be found in, or 

discharged to, the environment.  In general, chemical-specific requirements are set for a single 

chemical or a closely related group of chemicals.  These requirements do not consider the 

mixture of chemicals.  Potential chemical-specific ARARs are summarized in Table 2-1. 

 

2.1.1.1  Chemical-Specific ARARs for Soil and Sediment 

 

Currently, there are no promulgated federal or state chemical-specific ARARs appropriate for 

the MSGRP Study Area that would provide limits for the concentrations of chemicals in soil or 

sediment.  As such, chemical-specific threshold concentration values (preliminary remediation 

goals) that will be used to guide soil and sediment remedial actions are derived using TBC 

guidance and site-specific risk-based criteria. Also refer to Section 2.1.4 below for more 

information regarding TBCs. 

 

2.1.1.2  Chemical-Specific ARARs for Surface Water 

 

There are federal chemical-specific ARARs for surface water.  The U.S. EPA has published an 

updated compilation of its national recommended water quality criteria for 158 pollutants, 

developed pursuant to Section 304(a) of the Clean Water Act (CWA or the Act). Section 

304(a)(1) of the Act requires EPA to develop and publish, and from time to time revise, criteria 

for water quality accurately reflecting the latest scientific knowledge. Water quality criteria 

developed under Section 304(a) are based solely on data and scientific judgments on the 

relationship between pollutant concentrations and environmental and human health effects. 
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Section 304(a) criteria do not reflect consideration of economic impacts or the technological 

feasibility of meeting the chemical concentrations in ambient water (EPA, 2002).  These criteria 

are referred to as the NAWQC. 

 

Similarly, the MADEP has adopted the Massachusetts Surface Water Quality Standards (314 

CMR 4.00).  These standards designate the most sensitive uses for which the various waters of 

the Commonwealth shall be enhanced, maintained, or protected.  This standard also contains 

regulations necessary to achieve the designated uses and maintain existing water quality 

including, where appropriate, the prohibition of discharges. Where recommended limits are not 

available, site-specific limits shall be developed. 

 

2.1.1.3  Chemical-Specific ARARs for Groundwater 

 

Since groundwater at this Site is not used for a public drinking water supply (refer to Section 

1.3.1), there are no chemical-specific ARARs for groundwater for this Site.  As such, chemical-

specific threshold concentration values (preliminary remediation goals) that will be used to guide 

soil and sediment remedial actions are derived using TBC guidance and site-specific risk-based 

criteria.  Also refer to Section 2.1.4 below for more information regarding TBCs. 

 

Relevant and Appropriate federal and state ARARs pertaining to groundwater discharges and 

potential impacts to surface water however, are identified.  These include the Clean Water Act 

and the Massachusetts Surface Water Quality Standards ARARs, which are discussed above in 

Section 2.1.1.2.  

 

2.1.2  Location-Specific ARARs 

 

Location-specific ARARs are restrictions placed on the concentrations of hazardous 

substances, or the conduct of activities solely because they are in specific areas.  The general 

types of location-specific ARARs that may be applied to remedial actions at the MSGRP Study 

Area are briefly described below and summarized in Table 2-2. 

 

Several federal and state ARARs regulate activities that may be conducted in wetlands or 

floodplains.  The Wetlands Executive Order (E.O. 11990) and the Floodplains Executive Order 

(E.O. 11988), incorporated into 40 CFR Part 6, Appendix A, require that wetlands and 
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floodplains be protected and preserved, and that adverse impacts be minimized.  State wetland 

protection regulations (310 CMR 10.00) and state waterways regulations (310 CMR 9.00) 

restrict activities that adversely affect wetlands and waterways, respectively.  

 

Additional federal location-specific ARARs include the Fish and Wildlife Coordination Act, which 

requires that any federal agency proposing to modify a wetland or body of water must consult 

with the U.S. Fish and Wildlife Service; and the Endangered Species Act, which would need to 

be considered for any proposed on-site actions. 

 

2.1.3  Action-Specific ARARs 

 

Action-specific ARARs are usually technology- or activity-based requirements or limitations on 

actions taken with respect to hazardous wastes.  These requirements are generally focused on 

actions taken to remediate, handle, treat, transport, or dispose of hazardous wastes.  These 

action-specific requirements do not in themselves determine the remedial alternative; rather, 

they indicate how a selected alternative must be implemented.  The general types of action-

specific ARARs that may be applied to remedial actions at the MSGRP Study Area are briefly 

described below and summarized in Table 2-3. 

 

The types of action-specific requirements that may be considered will depend on the nature of 

the remedial actions selected.  Federal and state National Permit Discharge Elimination System 

(NPDES) permit programs may be used to govern discharges to surface waters associated with 

the implementation of certain construction or remedial processes.  A number of RCRA 

regulations govern emissions from equipment, tanks, and containers that are used as part of a 

remedial action.   

 

2.1.4  To Be Considered Criteria 

 

As stated previously, TBCs are non-promulgated federal and state advisories or guidance that 

are not legally binding and do not have the status of being applicable or relevant and 

appropriate.  However, if there are no specific regulatory requirements for a chemical or site 

condition, or if ARARs are not deemed sufficiently protective, then guidance or advisory criteria 

should be identified and used to ensure the protection of human health and the environment. 
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TBCs that will be considered for the MSGRP FS include risk assessment advisories and 

guidance values (such as cancer slope factors, reference doses) that will be used to derive 

preliminary remediation goals for soil, sediment, and groundwater.  For example, the MADEP 

has established soil categories based upon the potential exposures which may result from the 

presence of oil or hazardous material in commonly contaminated media.  These categories are 

established based on a site-specific risk/exposure analysis. The MADEP soil standard for 

arsenic in soil is 30 ppm. However, this standard is relevant, but not appropriate at this Site.  

EPA has proposed a PRG of 50 ppm for arsenic in soil, based upon its Human Health Risk 

Assessment. MADEP has concurred not only with the findings of the risk assessment, but also 

with the EPA-proposed cleanup standard and agrees that it is sufficiently protective of human 

health in these circumstances.  Because the only risks found were to future construction 

workers performing subsurface work or to children in a daycare setting, institutional controls will 

prevent exposures to soils posing a risk to human health by imposing limits on excavation and 

limiting the future use of the property. 

 

In addition, UCLs in soil and groundwater are concentrations of oil and/or hazardous material 

which, if exceeded under certain conditions, indicate the potential for significant risk of harm to 

public welfare and the environment under future conditions.  If UCLs are exceeded, the MCP 

imposes specific requirements for addressing the risk posed by the contamination which 

exceeds UCLs.  The UCL for arsenic in soil is 300 ppm.  EPA and MADEP have concluded that 

UCLs have not been exceeded in the soils at the former Lake Mishawum lakebed. 

 

2.2  Development of Remedial Action Objectives (RAOs) 

 

Remedial action objectives consist of medium-specific goals for protecting human health and 

the environment.  The RAOs specify the media and contaminants of concern, exposure routes 

and receptors, and preliminary remediation goals for each exposure route.  By specifying both 

exposure pathways and preliminary remediation goals, the RAOs permit the development of a 

range of alternatives that may achieve protection by reducing exposure to contaminated media.   

 

The media of concern for the MSGRP Study Area were identified based on the results of site-

specific baseline human health and ecological risk assessments performed for the site and 

study area, as well as the fate and transport evaluation presented in the MSGRP RI (TtNUS, 

2005).  The baseline risk assessments identified excess cancer risks or non-cancer hazards 
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associated with human exposure to site soils, sediment, and groundwater; and ecological risks 

associated with exposures to site sediment and surface water.  Fate and transport evaluations 

indicated that the flow of Site groundwater is transporting contaminants into surface water and 

sediments, and that storm water flow conditions are mobilizing contaminated surface water and 

sediments into the water column, enabling their transport and deposition to downstream areas. 

 

Groundwater risks and hazards were evaluated for three areas:  (1) the Industri-plex site/HBHA 

Pond area; (2) Cabot Road area; and (3) Mishawum Road area.  Trichloroethene, detected in 

the intermediate to deep overburden south and southwest of Cabot Road, was identified as a 

groundwater risk contributor.  Methyl tert-butyl ether and chloroform, detected in samples 

collected from varying depths along the southern perimeter of the Northern Study Area (i.e., the 

Mishawum Road area), were also identified as groundwater risk contributors.  However, based 

on the available groundwater data, it appears that the sources of trichloroethene, methyl tert-

butyl ether, and chloroform in the Cabot and Mishawum Road areas are not related to the Site.  

Therefore, only the risk contributors identified for the Industri-plex Site/HBHA Pond area have 

been further considered in the development of RAOs. 

  

This section documents the formulation of RAOs for the MSGRP Feasibility Study.  RAOs were 

developed based on the results of the RI, the baseline human health and ecological risk 

assessments, and the ARARs identification.  For each contaminated medium of concern, the 

three major components of the RAO development process are discussed: identification of the 

contaminants of concern (COCs), identification of the exposure routes and receptors, and 

development of an acceptable contaminant level for each exposure route (i.e., a preliminary 

remediation goal).  The RAOs for each medium that are presented in the following subsections 

include specific references to each of these components. The RAOs, by medium, are 

summarized in Table 2-4. 

 

When proposing medium-specific PRGs, human health and ecological risk-based PRGs, risk 

assessment uncertainties, background concentrations, consistency with previous cleanup goals, 

and other site-specific considerations (e.g., ARARs) are evaluated to select the proposed PRG. 

Human health risk-based PRGs are developed and presented in Appendix A.  The human 

health risk-based PRGs provided in Table 2-5a correspond to target cancer risk levels of 10-6, 

10-5, and 10-4 and a target noncancer hazard quotient (HQ) of 1.  A human health risk-based 

PRG may be selected corresponding to any of the target risk/hazard levels identified, so long as 
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the cumulative cancer risk and target organ non-cancer hazard for a receptor meet regulatory 

guidelines (cumulative incremental lifetime cancer risk (ILCR) of 10-6 to 10-4 and target organ 

non-cancer hazard index (HI)] of 1).  The goal is to select a risk-based PRG that affords the 

maximum degree of protection; but also considers and allows for the inclusion other site-specific 

information (e.g., background concentrations).  Therefore, regional and site-specific background 

concentrations are also provided in Table 2-5a, as applicable, to be considered in the selection 

of a proposed PRG for naturally-occurring or anthropogenic compounds, such as arsenic and 

benzo(a)pyrene.  Overall, the most conservative receptors have been considered in selecting 

the proposed PRGs.     

 

2.2.1  Development of RAOs and PRGs for Soil 

 

This section presents the development of RAOs for soil.  Once soil COCs, exposure routes, and 

receptors are identified based on the results of the baseline risk assessments, the PRGs are 

established for soil. 

 

2.2.1.1  Soil Contaminants of Concern, Exposure Routes, and Receptors 

 

No unacceptable ecological risks were identified for soil.  Tables 1-1 through 1-3 in Appendix A 

summarize the Reasonable Maximum Exposure (RME) human health risk and hazard estimates 

that contribute to a soil ILCR greater than 10-4 and/or a target non-cancer HI greater than 1 and 

the pathways associated with these estimates as summarized in the baseline human health risk 

assessment.  Arsenic was identified as the only soil COC in the baseline human health risk 

assessment.  The baseline risk assessment identified excess cancer risks and non-cancer 

hazards from direct contact with surface and subsurface soils by a future day care child, and 

non-cancer hazards from direct contact with subsurface soils by a future construction worker.  

The direct contact exposure routes evaluated include incidental ingestion and dermal contact.  

The locations for these risks and hazards are soil sample locations within the former Mishawum 

Lake bed (Figure 2-1). 
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2.2.1.2  Soil Remedial Action Objectives and Preliminary Remediation Goals 

 

To address the human health risks and hazards that were identified for contaminated soil at the 

site, the following RAOs were developed for the protection of human health:  

 

•  Prevent exposures associated with an incremental lifetime cancer risk greater than 10-6 

to 10-4 and or a HI greater than 1 by meeting the associated PRGs for the following 

scenarios: 

 

- Ingestion and dermal contact of arsenic by children at a future day care center for 

surface and subsurface soil within the former Mishawum Lake bed area and 

- Ingestion and dermal contact of arsenic by a future excavation worker for 

subsurface soil within the former Mishawum Lake bed area. 

 

Risk-based soil PRGs for the protection of human health from exposure to arsenic in soil are 

developed based on information provided in Appendix A for the day care child and construction 

worker receptors.  Tables 2-1 through 2-3 in Appendix A provide the equations and exposure 

parameters used to calculate the risk-based PRGs for these receptors.  The risk-based PRGs 

for the two receptors, summarized in Table 2-5a, correspond to target cancer risk levels of 10-6, 

10-5, and 10-4 and a target non-cancer hazard quotient (HQ) of 1.  A regional background soil 

concentration for arsenic (20 mg/kg) has also been provided in Table 2-5a. 

 

Because only one COC was identified for soil, a risk-based PRG for the most sensitive receptor 

corresponding to, but not exceeding, an HQ of 1 may be selected so long as the cancer risk 

level corresponding to this value is less than 10-4.  The day care child is identified as the most 

sensitive receptor.  It should be noted that uncertainties were discussed in the risk assessment 

related to the arsenic cancer slope factor and the assumptions applied to the exposure 

scenarios evaluated.  The uncertainties were noted as generally biasing the risk and hazard 

estimates toward overestimation.      

 

Thirty-four soil samples were collected from the former Mishawum Lake bed area.  The arsenic 

soil concentrations in all 34 samples exceed the risk-based PRG of 1 mg/kg corresponding to a 

cancer risk of 10-6 for the day care child. Twenty-eight of the 34 samples demonstrated arsenic 

levels in excess of the risk-based PRG of 10 mg/kg corresponding to a cancer risk of 10-5 for the 
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day care child.  Both of these risk-based PRGs correspond to soil concentrations less than the 

regional background value of 20 mg/kg.  Note that 19 of 34 samples demonstrated arsenic 

levels in excess of the 20 mg/kg regional background value.  Fourteen and 11 of the 34 samples 

demonstrated arsenic levels in excess of the 40 mg/kg (risk-based PRG of 10-6 for the 

construction worker) or 50 mg/kg value (risk-based PRG for HQ of 1 for the day care child), 

respectively.      

 

The proposed PRG for arsenic in soil for the protection of human health will be to attain a 

concentration of 50 mg/kg, the non-cancer risk-based PRG for the day care child (HQ of 1) 

which corresponds to a cancer risk of approximately 3 x 10-5 for the day care child and 2 x 10-6 

for the construction worker (see Table 2-5b).  The proposed PRG (50 mg/kg) represents 

cumulative receptor risks and hazards that are within risk management guidelines, considers 

background concentrations of this naturally-occurring COC, and also considers the uncertainties 

associated with the risk and hazard estimates that overall, tend to be biased toward 

overestimation.  

 

2.2.2  Development of RAOs and PRGs for Groundwater 

 

This section presents the development of RAOs and PRGs for groundwater.  Direct ecological 

exposures to groundwater were not assumed to occur.  Therefore, groundwater COCs, 

exposure routes, and receptors are identified based on the results of the baseline human health 

risk assessment. 

 

2.2.2.1  Groundwater Contaminants of Concern, Exposure Routes, and Receptors 

 

Tables 1-3, 1-14 and 1-15 in Appendix A summarize the RME human health risk and hazard 

estimates that contribute to the groundwater ILCRs greater than 10-4 and/or target non-cancer 

HIs greater than 1 and the pathways associated with these estimates as summarized in the 

baseline human health risk assessment.  Based on the results of the baseline human health risk 

assessment for the Northern Study Area, arsenic, benzene, trichloroethene (TCE), 1,2-

dichloroethane, and naphthalene were identified as contaminants that result in an ILCR > 10-4 or 

HI > 1.  These contaminants will be the COCs for groundwater for the MSGRP Feasibility Study.  

Figure 2-2 shows the locations of groundwater samples where these COCs exceeded an ILCR 
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> 10-4 or HI > 1.  Only the risk contributors identified for the Industri-plex site/HBHA Pond area 

have been further considered in the development of RAOs and PRGs. 

 

The human health risk assessment for the Northern Study Area identified excess cancer risks 

and non-cancer hazards associated with groundwater use by a future industrial worker (i.e., 

process water use) and future car wash worker; and non-cancer hazards from direct contact 

with groundwater by a future construction worker.  The exposure routes evaluated include 

incidental ingestion and dermal contact with groundwater and/or inhalation of volatile 

compounds released from groundwater. The exposure point location for these groundwater 

risks and hazards is the Industri-plex Site/HBHA Pond area.    

 

2.2.2.2  Statement of Groundwater RAOs  

 

The findings of the human health risk assessments were used to develop the RAOs for 

groundwater.  As previously stated in Section 1.3.1, the MADEP “Groundwater Use and Value 

Determination” for the Industri-plex site (MADEP, 1997) concluded that the aquifer in the 

Northern Study Area was of low use and value and classified the aquifer as a non-potential 

drinking water source area because of its concentrated industrial development.  Therefore, a 

residential drinking water scenario was not evaluated for the Northern Study Area.   

 

The ecological risk assessments did not identify groundwater as a medium that posed risk to 

ecological receptors because direct contact with groundwater was not assumed in the baseline 

ecological risk assessment.  However, an RAO for the protection of the environment was 

developed to address discharges of contaminated groundwater to the HBHA Pond, which were 

identified as a source of sediment and deep surface water contamination in the pond, and 

downstream HBHA Wetlands, Aberjona River and adjacent wetlands.  

 

Protection of Human Health 

 

The groundwater RAOs for the protection of human health were developed based on the 

evaluation of risk and hazard associated with the future groundwater exposure scenarios 

described above.  The groundwater RAOs for the Industri-plex Site/HBHA Pond area for the 

protection of human health are: 
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•  Prevent exposures associated with an ILCR greater than 10-6 to 10-4 and/or HI greater 

than 1 by meeting the associated PRGs for the following scenarios: 

 

- Ingestion, dermal contact, and/or vapor inhalation of arsenic, benzene, 

naphthalene, trichloroethene, and 1,2-dichloroethane by an industrial worker 

using groundwater as process water, 

- Ingestion and dermal contact of arsenic by an excavation worker, and 

- Vapor inhalation of benzene, naphthalene, trichloroethene, and 1,2-

dichloroethane by a car wash worker using groundwater in the job. 

 

Protection of the Environment 

 

The groundwater RAO for protection of the environment addresses groundwater discharges to 

the HBHA Pond:  

 

•  Protect benthic invertebrates and aquatic life from exposure to levels of benzene and 

arsenic indicative of impairment due to groundwater discharges or provide alternative 

habitat (HBHA Pond only in the event that the HBHA Pond is used as a component of 

the remedy). 

 

2.2.2.3  Groundwater Preliminary Remediation Goals 

 

Risk-based groundwater PRGs for the protection of human health are developed based on 

information provided in Appendix A for the use of groundwater as process water, in a car wash, 

and for direct contact by a construction worker.  Tables 2-5 and 2-6 in Appendix A provide the 

equations and exposure parameters used to calculate the risk-based PRGs for these receptors.  

Tables 5-1 through 5-3 in Appendix A provide additional exposure and modeling information for 

the dermal and inhalation components of the risk-based PRGs.  The risk-based PRGs for the 

three receptors, summarized in Table 2-5a, correspond to target cancer risk levels of 10-6, 10-5, 

and 10-4 and a target non-cancer HQ of 1.  In addition, a regional background groundwater 

concentration for arsenic (5.5 ug/L) has been provided.   

 

For benzene, the risk-based PRG corresponding to a cancer risk of 1 x 10-5 (4 µg/L) for the use 

of groundwater in a car wash, the most conservative exposure scenario, is selected as the 
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proposed PRG for benzene.  This value corresponds to a noncarcinogenic HQ of 0.1.  For 1,2-

dichloroethane, a proposed PRG of 2 µg/L is selected.  This value corresponds to a cancer risk 

of approximately 1 x 10-5 and a noncarcinogenic HQ of 0.3 for the car wash worker scenario, the 

most conservative scenario for this compound.  A value of 1 µg/L is selected as the proposed 

PRG for TCE.  This value is consistent with a Practical Quantitation Limit (PQL) for TCE and 

corresponds to a cancer risk of 3 x 10-5 and a non-carcinogenic HQ of 0.02 for the car wash 

worker scenario.  For naphthalene, 5 µg/L is selected as the proposed PRG which corresponds 

to a HQ of 1 for the process water scenario, the most sensitive scenario for this compound.  It 

should be noted that uncertainties were discussed in the risk assessment related to the air 

modeling assumptions applied to the process water and car wash worker scenarios.  The 

uncertainties were noted as generally biasing the risk and hazard estimates toward 

overestimation.   

 

The risk-based PRG for arsenic corresponding to an ILCR of 10-6 for the process water scenario 

(4 µg/L) is less than the regional background groundwater arsenic concentration of 5.5 µg/L and 

less than upgradient reference concentrations of arsenic which ranged up to 10.5 µg/L.  The 

risk-based PRG for an ILCR of 10-5 (40 µg/L) is marginally greater than the upper range of the 

upgradient reference concentrations.  As previously noted, uncertainties were discussed in the 

risk assessment related to the arsenic cancer slope factor and the assumptions applied to the 

exposure scenarios evaluated.  The uncertainties were noted as generally biasing the risk and 

hazard estimates toward overestimation.  In addition, the Industri-plex OU-1 ROD allowed soils 

with up to 300 mg/kg arsenic to remain on-site.  These soils serve as a potential source of 

contamination to groundwater, making cleanup of the aquifer to concentrations approaching 

background concentrations difficult.  Therefore, the proposed arsenic PRG of 150 µg/L is 

selected which corresponds to an ILCR of 4 x 10-5 and a noncarcinogenic HQ of 0.3.  The 

proposed PRG (150 ug/L) also represents the fresh water chronic NAWQC for arsenic which 

protects aquatic life.  

 

The proposed PRGs for the groundwater COCs represent cumulative receptor risks and 

hazards that are within risk management guidelines, consider background concentrations of 

naturally-occurring COCs and PQLs, factor in the presence of residual arsenic-containing soils 

at the site, and also consider the uncertainties associated with the risk and hazards estimates 

that overall, tend to be biased toward overestimation.     
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COC-specific PRGs for site groundwater, developed to protect human health, are provided in 

Table 2-5b.  PRGs for arsenic, benzene, naphthalene, TCE, and 1,2-dichloroethane that were 

detected in the Industri-plex Site/HBHA Pond area are based on risk-based determinations of 

concentrations of each contaminant that would provide a level of risk that is within the 

acceptable range established for the Site (ILCR < 10-4 and HI < 1), as noted on Table 2-5b.   

 

2.2.3   Development of RAOs and PRGs for Sediment 

 

The development of RAOs for sediment is considerably more complex than for the other media 

that are addressed in this FS.  Areas of human health and ecological risk were identified for 

sediment at the Site and within the MSGRP Study Area, and these findings provide the basis for 

the development of sediment RAOs.  The evaluation of the fate and transport of contaminants is 

also considered for the development of sediment RAOs, since extensive research has 

suggested that contaminated sediment continues to migrate further downstream with the flow of 

surface water.  This migration potentially creates additional human health or ecological risks as 

new contaminants are deposited in the downstream portions of the MSGRP Study Area (refer 

Section 1.0).  The following sections describe the process that was used to develop the RAOs 

for sediment.   

 

2.2.3.1  Sediment Contaminants of Concern, Exposure Routes, and Receptors 

 

Based on the results of the human health and ecological risk assessments, arsenic is the 

primary COC for sediment, contributing to risk at each location where unacceptable risks were 

identified.  Benzo(a)pyrene was also identified as a sediment COC in the baseline human health 

risk assessment at certain sampling locations.  The following paragraphs describe the human 

health, ecological, and fate and transport considerations that were assumed in order to develop 

RAOs for sediment that will address the COCs, exposure routes, and receptors identified in the 

baseline risk assessments. 

 

Human Health Considerations 

 

Tables 1-4 through 1-13 in Appendix A summarize the RME human health risk and hazard 

estimates that contribute to sediment ILCRs greater than 10-4 and/or target non-cancer HIs 

greater than 1 and the pathways associated with these estimates as summarized in the baseline 
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human health risk assessment.  The baseline human health risk assessments for the Northern 

and Southern Study Areas identified several areas of potential risk and hazard associated with 

recreational exposures to contamination in accessible sediment.  Accessible sediments were 

defined as sediments present in areas of mild to moderate vegetation, of generally shallow (i.e., 

less than 2 feet) and slow moving surface water, with gradual banks, and/or less than 30 feet 

from shore.  The accessible sampling stations that exhibited human health risks and hazards in 

excess of regulatory criteria were located within the Wells G&H wetland and the Cranberry Bog 

Conservation Area.  The baseline human health risk assessments also identified areas of 

potential risk and hazard associated with sediment cores collected to evaluate potential future 

risks and hazards to dredging workers.  These areas are described in more detail in the 

following paragraphs. 

 

Cancer risks and/or non-cancer hazards in excess of regulatory criteria were identified for 

potential exposures to accessible sediment by current and future recreational users.  The 

sampling stations where these risks and hazards were identified were concentrated in the 

accessible portions of the Wells G&H wetland (13/TT-27, WH, NT-3), with one station located at 

the Cranberry Bog Conservation Area (CB-03).  The direct contact exposure routes evaluated 

include incidental ingestion and direct dermal contact. 

 

Non-cancer hazards in excess of regulatory criteria were also identified in two general locations 

for future exposures to dredging workers.  The exposure point locations for these hazards are 

sediment core sample location SC02, located in the eastern side of the Halls Brook Holding 

Area, approximately 1,200 feet south of the HBHA Pond, and sediment core sample locations 

SC05, SC06, and SC08 within the Wells G&H wetland.  The direct contact exposure routes 

evaluated include incidental ingestion and direct dermal contact. 

 

Ecological Risk Considerations 

 

The baseline ecological risk assessments for the Northern and Southern Study Areas identified 

the HBHA Pond as the only area where unacceptable ecological risks are present.  The 

sampling stations that exhibited unacceptable ecological risks were associated with sediment 

samples from both deep and shallow areas within the HBHA Pond.  Toxicity of sediments in 

HBHA Pond was associated with high concentrations of arsenic.  Direct exposure of HBHA 

Pond sediments from both deep (MC-05 and MC-07) and shallow (MC-06) stations resulted in 
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toxicity of benthic invertebrates.  These stations also exhibited highly impaired benthic 

invertebrate communities, and elevated concentrations of metals in invertebrate tissue.   

Contaminant Fate and Transport Considerations 

 

As discussed in Section 1.0, the fate and transport evaluation that was performed as part of the 

MSGRP RI identified sediment re-suspension, arsenic dissolution, and surface water flow as a 

major transport mechanism that has allowed, and continues to allow, the migration of 

contaminants from the HBHA Pond to the downstream areas of the river.  Surface water 

sampling results collected during base flow and storm flow conditions suggest that increased 

surface water flow due to storm events increase the effects of these transport mechanisms.  

While surface water contaminant concentrations have not been observed to exceed NAWQC 

criterium for arsenic outside of the HBHA Pond, measurements of arsenic flux observed during 

base flow and storm flow events suggest that significant quantities of arsenic are migrating 

downstream with the flow of surface water during storm events (TtNUS, 2005a).   

 

Also, although they do not present a risk to human health or the environment, sediments within 

a section of the New Boston Street Drainway located in the Boston Edison right-of-way may be 

impacted by groundwater discharges.  This is the location where the highest groundwater 

concentration of arsenic (24,000 µg/L) was observed.  Concentrations of arsenic in sediment 

samples collected in this area were greater (up to 384 mg/kg) than those observed in upgradient 

sample locations (as low as 16.3 mg/kg)  Based on surface water data collected during the 18-

month investigation, some of these contaminated sediments are mobilized during storm events 

and eventually discharge into the HBHA Pond, contributing to the contaminated sediment load 

within the pond, impacting ecological receptors in the HBHA Pond, and potentially migrate to 

downstream depositional areas. 

 

Similarly, although they do not present a risk to human health, soils adjacent to the southern 

border of the Boston Edison right-of-way and adjacent to the HBHA Pond exhibited elevated 

concentrations of arsenic.  These contaminated soils could erode into the HBHA Pond, 

contributing to the contaminated sediment load, potentially impacting ecological receptors in the 

HBHA Pond, and potentially migrate to downstream depositional areas. 
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2.2.3.2  Statement of RAOs for Sediment 

 

RAO development for sediment was performed separately for each of the following 

geographical areas where sediment risks were identified: HBHA Pond and Halls Brook Holding 

Area, Wells G&H wetland, and Cranberry Bog Conservation Area.  This approach enabled the 

development of RAOs that address the specific exposure routes and receptors that apply to 

each area so that the range of remedial alternatives that is evaluated is appropriate to reduce 

risks in that area.  This section presents the RAOs for sediment that were developed to address 

each of these areas. 

 

Protection of Human Health 

 

The following sediment RAOs were developed for the protection of human health: 

 

•  Prevent exposures to sediment associated with an ILCR greater than 10-6 to 10-4 and/or 

HI greater than 1 by meeting the associated PRGs for the following scenarios: 

 

- Ingestion and dermal contact of accessible arsenic and benzo(a)pyrene for 

current and future recreational land use at the Wells G&H wetland stations WH, 

NT-3, and 13/TT-27, 

- Ingestion and dermal contact of accessible arsenic for current and future 

recreational land use at the Cranberry Bog Conservation Area station CB-03, and 

- Ingestion and dermal contact of arsenic for future dredging workers at sediment 

core locations SC02 (HBHA wetland) and SC05, SC06, and SC08 (Wells G&H 

38-acre wetland). 

 

•  Minimize to the extent practicable, the migration of soluble and particulate arsenic during 

storm events to downstream depositional areas. 

 

Protection of the Environment 

 

The following RAO was developed to address ecological risks in the HBHA Pond due to 

contamination in sediment:  Protect benthic invertebrates from toxicological impacts indicative of 

impairment as compared to reference habitats or provide alternate habitat in the event that the 
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HBHA Pond is used as a component of the remedy. Meet ARAR for the protection of aquatic life 

(Table 2-4). 

   

2.2.3.3  Sediment Preliminary Remediation Goals 

 

Protection of Human Health 

 

Risk-based sediment PRGs for the protection of human health from exposure to COCs in 

sediment are developed based on information provided in Appendix A for the recreational user 

and dredging worker receptors.  Tables 2-3 and 2-4 in Appendix A provide the equations and 

exposure parameters used to calculate the risk-based PRGs for the recreational user and 

dredging worker, respectively.  Arsenic was identified as a sediment COC for both accessible 

sediments and sediment cores.  Benzo(a)pyrene was also identified as a COC for accessible 

sediments within the Wells G&H wetland (stations WH and 13/TT-27).  The risk-based PRGs for 

the two receptors, summarized in Table 2-5a, correspond to target cancer risk levels of 10-6, 10-

5, and 10-4 and a target non-cancer HQ of 1.  Site-specific background sediment concentrations 

for arsenic and benzo(a)pyrene have also been provided in Table 2-5a. 

 

Because two COCs (arsenic and benzo(a)pyrene) were identified for accessible sediment, risk-

based PRGs for the recreational user should not exceed a cumulative HI of 1 and a cumulative 

cancer risk level of 10-4.  However, because only one COC (arsenic) was identified for sediment 

cores, a risk-based PRG for the dredging worker corresponding to, but not exceeding, an HQ of 

1 may be selected so long as the cancer risk level corresponding to this value is less than 10-4.  

It should be noted that uncertainties were discussed in the risk assessment related to the 

cancer slope factors for the COCs and the assumptions applied to the exposure scenarios 

evaluated.  The uncertainties were noted as generally biasing the risk and hazard estimates 

toward overestimation.  

 

For benzo(a)pyrene, site-specific background data indicate the range of background 

concentrations fall between 0.13 mg/kg and 5.5 mg/kg with a mean background concentration of 

1.3 mg/kg and a 95% UCL background concentration of 4.9 mg/kg (see Table 2-5a).  The risk-

based PRGs of 0.4 mg/kg and 4 mg/kg, corresponding to 10-6 and 10-5 cancer risks, 

respectively, are both less than the 95% UCL background concentration.  Selection of the 95% 

UCL background benzo(a)pyrene concentration of 4.9 mg/kg as the PRG is protective of 
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approximately a 10-5 cancer risk for the recreational user within the Wells G&H wetland 

(accessible sediment stations WH and 13/TT-27).  Benzo(a)pyrene was not identified as a risk 

contributor within the Cranberry Bog Conservation area or for station NT-3 within the Wells G&H 

wetland.  The proposed PRG (4.9 mg/kg) represents cumulative receptor risks and hazards that 

are within risk management guidelines, considers background concentrations of this 

anthropogenic COC, and also considers the uncertainties associated with the risk estimates that 

overall, tend to be biased toward overestimation.   

 

Two different PRGs are developed for arsenic in accessible sediments because the two 

exposure areas (Wells G&H wetland and the Cranberry Bog Conservation Area) differ in the 

potential frequency of contact with accessible sediments based on the degree of residential 

development in each area.  For arsenic, risk-based PRGs for a 10-6 cancer risk are less than the 

95% UCL background concentration for arsenic of 33 mg/kg (see Table 2-5a).  Risk-based 

PRGs based on a cancer risk of 10-5 (40 mg/kg for CB-03 and 50 mg/kg for WH, NT-3, and 

13/TT-27) correspond to concentrations only slightly above the background range of 

concentrations (3.8 mg/kg to 40.6 mg/kg; Table 2-5a).  The risk-based PRGs associated with an 

HQ of 1 (230 mg/kg for CB-03 and 300 mg/kg for WH, NT-3, and 13/TT-27) correspond to 

approximately a 6 x 10-5 cancer risk.  Therefore, the proposed PRGs for arsenic in accessible 

sediment for the protection of human health will be to attain concentrations of 230 mg/kg (for the 

Cranberry Bog Conservation Area) or 300 mg/kg (for the Wells G&H 38-acre wetland area), the 

non-cancer risk-based PRGs for the recreational user (HQ of 1) which corresponds to a cancer 

risk of approximately 6 x 10-5 for this receptor.  The proposed PRGs (230 mg/kg and 300 mg/kg) 

for the two exposure areas represent cumulative receptor risks and hazards that are within risk 

management guidelines, consider background concentrations of this naturally-occurring COC, 

and also consider the uncertainties associated with the risk and hazard estimates that overall, 

tend to be biased toward overestimation.   

 

For dredging worker exposure to arsenic in sediment cores, a risk-based PRG for a 10-6 cancer 

risk (30 mg/kg) is less than the 95% UCL background concentrations for arsenic of 33 mg/kg.  A 

risk-based PRG corresponding to a cancer risk of 10-5 (300 mg/kg) is associated with 

concentrations above the background range of concentrations (3.8 mg/kg to 40.6 mg/kg).  The 

proposed PRG for arsenic in sediment cores for the protection of human health will be to attain 

a concentration of 300 mg/kg, the 10-5 cancer risk-based PRGs for the dredging worker, which 

is associated with a HQ of less than 1.  It should be noted that the proposed sediment core PRG 
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is consistent with the arsenic soil cleanup level stated in the Industri-plex OU-1 ROD of 300 

mg/kg.  The proposed PRG (300 mg/kg) represents cumulative receptor risks and hazards that 

are within risk management guidelines, considers background concentrations of this naturally-

occurring COC, and also considers the uncertainties associated with the risk and hazard 

estimates that overall, tend to be biased toward overestimation.   

 

The proposed PRGs for sediment are based on site-specific risk-based determinations of the 

concentration thresholds that would provide a level of risk consistent with the target risk values 

that have been established for the FS.  These proposed PRGs are presented, by contaminant, 

on Table 2-5b. 

 

Protection of the Environment 

 

Risks to ecological receptors from exposure to sediment in HBHA Pond were identified in the 

ecological risk assessment. The evidence for benthic invertebrate measurement endpoints 

indicated that there are impacts from metals contaminants on invertebrate communities within 

the study area.  The comparison of sediment concentrations to effects-based benchmarks 

indicate that there are potential effects on benthic communities from metals, especially arsenic, 

cadmium, chromium, copper, lead, mercury, and zinc.  The toxicity testing supports the 

conclusion that there are adverse ecological effects on the composition of the benthic 

community associated with high concentrations of metals in the sediment.  The toxicity and 

community impairment is highly correlated to sediment arsenic concentrations, particularly when 

the effect of high iron concentrations is taken into account. 

 

There is evidence of severe toxicity to benthic organisms at deep stations in HBHA Pond.  The 

data also present strong evidence of toxicity to invertebrates at station MC-06 in the shallow 

area of HBHA Pond.  Community composition data indicate highly impaired benthic community 

with low abundance and diversity in the sediments of HBHA Pond in deep water.  In the shallow 

area of HBHA Pond, the community indices show evidence of impairment with limited number of 

taxa, low diversity, and high dominance of pollution-tolerant oligochaetes.   

 

The benthic invertebrate tissue data also add to the weight of evidence for the effects of arsenic, 

as the concentration of arsenic in invertebrate tissue exceed ecological effects levels and is 

greatly elevated at station MC-06.  In general, elevated concentrations of metals in invertebrate 
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tissue correspond to locations with high toxicity, but show less association with concentrations 

of the same metals in downstream sediments.  These results indicate that the toxicity and 

impairment to benthic invertebrates in HBHA Pond are likely related to the forms of metals in the 

sediment having higher toxicity and/or bioavailability than the same metals present in sediments 

downstream. 

 

Based on these site-specific data, the PRG for sediments was based on concentrations of 

arsenic in sediment that would provide a level of risk that is within the acceptable range.  There 

were a limited number of toxicity test samples from the HBHA Pond; the lowest concentration of 

sediment arsenic associated with significant effects (survival and growth reduction, two species) 

in toxicity test was 273 mg/kg.  This concentration of sediment arsenic represented the lowest-

observed-effects-concentration (LOEC) for arsenic.   There were no toxicity tests in HBHA Pond 

that resulted in a no-adverse-effects-level (NOEC), consequently a NOEC could not be 

established from data collected in HBHA Pond.    

 

Since the habitat and geochemistry conditions in areas downstream of the HBHA Pond in the 

HBHA Wetlands and in areas to the south were not similar to those observed in the HBHA 

Pond, results from these analyses were not used to establish PRGs in the Pond.   

Consequently, the LOEC of 273 mg/kg is selected as the PRG based on the available sediment 

toxicity testing data from the HBHA Pond.   Preventing exposure to sediments at arsenic levels 

above this arsenic concentration is assumed to protect benthic invertebrates from toxicological 

impacts (significant reduction in growth or survival as compared to reference locations).  

However, there is uncertainty associated with the selection of this PRG based on a LOEC rather 

than an NOEC.  It is assumed that the selected PRG will be protective and meet the RAO of 

protecting benthic invertebrates from toxicological impacts indicative of impairment as compared 

to reference habitats.  However, it is assumed that upon the completion of the remedy sediment 

toxicity testing will be conducted to  demonstrate that exposure to sediments causing toxicity to 

benthic invertebrates has been attained.  The lack of toxicological effects is defined as 

demonstrating that the sediments have no significant toxicity to invertebrates in laboratory tests 

for either Chironomus tentans or Hyalella azteca for survival or growth in long-term (20 or 28-

day) tests.   Significant toxicity is defined as a statistically significant difference from a reference 

sample and greater than 20 percent reduction in survival or growth.  The latter criterion is the 

percent reduction that is generally considered to represent an unacceptable reduction of growth 

or survival as compared to reference toxicity tests.   
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2.2.4  Development of RAOs and PRGs for Surface Water 

 

Human health and ecological exposures to surface water were evaluated for current and future 

recreational users and ecological receptors in the Northern and Southern Study Areas.  Surface 

water contaminants of potential concern (COPCs) were selected for the baseline human health 

and ecological risk assessments based on a comparison of surface water sample analytical 

results to Region 9 PRGs for tap water and NAWQC.  COPCs were developed for both base 

flow and storm events, based on samples collected during each condition.   

 

2.2.4.1  Surface Water Contaminants of Concern, Exposure Routes, and Receptors 

 

The baseline risk assessments did not identify unacceptable risks to human or ecological 

receptors from surface water at either the Northern or Southern Study Areas under base flow or 

storm event conditions, with the exception of exceedances of water quality benchmarks for 

aquatic life in the deep water of HBHA Pond.  Despite the fact that direct contact with surface 

water did not constitute a risk to human or ecological receptors, it is evident that surface water 

plays an integral part in the transport of contaminated sediment to downstream receptors.  As 

discussed in Section 1.0, the evaluation of fate and transport of contaminants throughout the 

MSGRP Study Area that was performed for the RI identified sediment re-suspension and 

dissolution of arsenic absorbed to sediments as a major transport mechanism for contaminants 

in surface water.  Re-suspension of sediment typically occurs during storm events that create 

increased surface water volume, which in turn causes an increase in surface water turbidity.  

Suspended solids, originating from contaminated sediments at the bottom of the surface water 

body, are then transported downstream with the flow of surface water and ultimately deposited 

into the bottom of the surface water body at a location further downstream.  In addition, 

geochemical conditions in the sediment and deeper portions of the HBHA Pond may cause the 

dissolution of arsenic from sediments into the water column.  These fate and transport 

processes are discussed more thoroughly in Section 1.0 and in the MSGRP RI. 

 

2.2.4.2  Statement of Surface Water RAOs 

 

RAO development for surface water was for the deeper portions of the HBHA Pond where 

elevated concentrations of arsenic and benzene were observed and where evidence of 
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toxicological impairment was observed for sediment invertebrates.  The following RAO was 

developed to address ecological risks in the HBHA Pond due to contamination in surface water:   

 

•  Protect aquatic life from arsenic and benzene above levels indicative of impairment or 

provide alternate habitat in the event that the HBHA Pond is used as a component of the 

remedy.  Meet ARARs for the protection of aquatic life (Table 2-4).   

 

In addition, the close interaction between contaminated sediments and surface water 

necessitates an evaluation of the impacts that remedial actions will have on surface water 

contaminant levels and contaminant migration patterns.  Contaminant migration through 

sediment re-suspension, sediment dissolution, surface water flow, and downstream deposition 

is suspected to have transported arsenic contamination to downstream areas of the river, where 

potential low-level risks to benthic communities from exposure to contaminated sediment have 

been identified.  For this reason, the evaluation of remedial alternatives will consider the ability 

of the remedial action to decrease, to the extent practicable, the re-suspension of sediment into 

surface waters and the transport of contamination through the flow of surface water.  The 

identification and screening of remedial technologies for sediment will include measures that are 

designed to decrease or eliminate continued resuspension of contaminated sediment and/or 

migration of contaminated suspended solids through the flow of surface water. 

 

2.2.4.3  Surface Water Preliminary Remediation Goals 

 

COC-specific PRGs for deep surface water of HBHA Pond were developed to protect aquatic 

life and to comply with ARARs.  Table 2-5 presents the candidate list of PRG numerical values 

identified for surface water.  PRGs for arsenic and benzene that were detected in the Northern 

Study Area are based on available surface water benchmarks protective of aquatic life.  

 

For arsenic, the NAWQC (150 ug/L) is an ARAR, and was selected as the PRG for dissolved 

arsenic. This value is the concentration for chronic exposure established to be protective of 

aquatic life.  For benzene there is no NAWQC value established.  There are insufficient site-

specific data to establish a PRG for benzene.  Consequently the TIER II benchmark (46 ug/L; 

EPA, 1996), which is calculated using a method similar to the method used to establish 

NAWQC values, but with lower confidence due to limited available aquatic effects data, is 

selected as the PRG for the protection of aquatic life. 



DRAFT FINAL 
 

RI051270DF  Tetra Tech NUS, Inc.  2-24 

 

High concentration of dissolved arsenic in the deep water of HBHA Pond is associated with the 

discharge of groundwater and the related unique geochemical conditions which allow the 

release of dissolved arsenic into the hypolimnion (deep water) of HBHA Pond.  The 

identification and screening of remedial technologies for surface water will include measures 

that are designed to reduce or eliminate continued discharge of arsenic and benzene in 

groundwater to the deep water of HBHA Pond and will address the related geochemical 

conditions, such as low dissolved oxygen and strong reducing conditions, that develop in the 

pond.   

 

2.3  General Response Actions 

 

General response actions are media-specific measures that may be taken to satisfy the RAOs 

for the Site.  General response actions may include containment, extraction, treatment, 

disposal, and institutional actions, or a combination of these measures.  The general response 

actions developed for MSGRP Study Area soil, sediment, surface water, and groundwater are 

presented in the following sections, along with an initial identification of the areas or volumes of 

contaminated media to which the general response actions might be applied.   

 

2.3.1  General Response Actions and Volume of Contaminated Soil 

 

Table 2-6 presents a summary of the RAOs and general response actions identified for soil, 

along with an initial identification of the general remedial technology types and process options 

that correspond to each general response action.  Several general response actions were 

identified to provide a wide range of possible options for satisfying the RAOs for site soil, 

including the following: 

 

•  No Action (required by CERCLA) 

•  Limited Action 

•  Containment 

•  Removal 

•  Treatment 

•  Disposal 
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The technologies and process options that are identified on Table 2-7 will be screened and 

evaluated in Section 2.4.  The following paragraphs provide a description of the areas to which 

these general response actions will be applied to mitigate the risks that have been identified. 

 

Areas with soil contaminants exceeding the PRG are generally concentrated in the area of the 

former Mishawum Lake bed.  See Figures 2-3a and 2-3b for surface and subsurface soil 

locations, respectively, and areas requiring remediation (707,598 square feet for surface soils, 

and 1,618,820 square feet for sub-surface soils).  These areas are estimated based on widely 

spaced data and the approximate boundary of the former Mishawum Lake.  Areas that were 

sampled included soil locations in planter beds or locations off-pavement.  Most of these areas 

have been commercially developed and are mostly covered with asphalt pavement or covered 

by building foundations and slabs.  Since the former lake bed deposits may have consisted of 

peats and other organic deposits, it is assumed that these lake bed deposits would have been 

removed and replaced with structural fill prior to constructing critical structural features under a 

building (e.g. foundation).   

 

Also, since the two scenarios evaluated for soil exposure included both a day-care child and a 

construction worker being exposed to subsurface soil, the most stringent PRG (50 mg/kg –

arsenic) was used to calculate the impacted soil volume.  The assumed soil depth that will 

require remedial action is 0 to 3 feet for surface soil and 3 to 15 feet for subsurface soil.   

 

2.3.2  General Response Actions and Volume of Contaminated Groundwater 

 

Table 2-6 presents a summary of the RAOs and general response actions identified for 

groundwater, along with an initial identification of the general remedial technology types and 

process options that correspond to each general response action.  Several general response 

actions were identified to provide a wide range of possible options for satisfying the RAOs for 

groundwater.  These general response actions include the following: 

 

•  No Action (required by CERCLA) 

•  Limited Action 

•  Hydraulic Containment 

•  Extraction 

•  Ex-Situ Treatment 
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•  Discharge 

•  In-Situ Treatment 

 

The technologies and process options that are identified on Table 2-8 will be screened and 

evaluated in Section 2.4.   

 

As stated in Section 1.4.1, contaminated soils at the Industri-plex Site are the principal source of 

site-wide groundwater contamination, in particular heavy metals, including arsenic.   The 1986 

ROD for soils at the Industri-plex Site evaluated several remedial options including complete 

removal of all contaminated soils.  However, it was determined at that time to be impractical due 

to the significant costs (greater than $245 million) and technically infeasible due to the 

significant volumes and technical challenges posed by the existing site conditions.  Since the 

1986 ROD was signed, additional studies have been conducted to support the MSGRP RI and 

this FS.  These studies have determined that significant deposits of organic materials located 

onsite, originating from both natural sources (peat deposits) and anthropogenic sources (animal 

hide waste deposits) are creating geochemical conditions that favor the dissolution and 

mobilization of arsenic from the soils and wastes.  In order to address the soils as a source of 

groundwater contamination, an alternative would be required to not only remove the sources of 

gross contamination, but also address the site-wide chemically reducing conditions that support 

arsenic migration by removing or controlling the organic deposits located throughout the site.  

For the same reasons considered when developing the 1986 ROD, such an alternative is 

considered technically infeasible and impractical.  Consequently, remedial alternatives for 

groundwater focus on the management of contaminant migration and the prevention of 

exposure rather than removal. 

 

Impacted groundwater located at the Industri-plex Site and HBHA Pond areas are where human 

health risks and hazards were determined and is the focus of the groundwater RAOs for this FS.  

This area contains a groundwater contamination plume consisting of sub-areas where arsenic, 

benzene, trichloroethene, 1,2-dichloroethane, and naphthalene concentrations exceeded risk-

based threshold concentrations for a mixture of exposure scenarios including a construction 

worker, worker being exposed to process water, and a car wash worker.  Whereas different 

PRGs have been developed for each scenario, the most stringent for each contaminant will be 

used in calculating the area of groundwater that requires remediation. The areas of these 

plumes are depicted in Figure 2-4. The evaluation of remedial alternatives for groundwater will 



DRAFT FINAL 
 

RI051270DF  Tetra Tech NUS, Inc.  2-27 

focus on the elimination of potential human health risks associated with the groundwater 

contamination areas described above.   

 

2.3.3  General Response Actions and Volume of Contaminated Sediment 

 

Table 2-6 presents a summary of the RAOs and general response actions identified for 

sediment, along with an initial identification of the general remedial technology types and 

process options that correspond to each general response action.  Since groundwater 

discharges to the HBHA Pond and is impacting sediments, the general response actions 

selected are dependent upon the general response actions selected for groundwater.  For 

example, selecting a sediment treatment or sediment removal option would only be applicable if 

the groundwater was being treated, otherwise the sediments would become re-contaminated by 

groundwater discharges.  These dependent relationships are further evaluated and discussed in 

Sections 3.0 and 4.0.  The general response actions that were evaluated for the remediation of 

sediment include the following: 

 

•  No Action (required by CERCLA) 

•  Limited Action 

•  Containment 

•  Removal 

•  Treatment 

•  Disposal 

 

The technology types and process options identified on Table 2-9 will be the candidate 

technologies for the preliminary screening that is described in Section 3.0.   

 

As described in Section 2.2.3.1, the baseline human health risk assessment identified several 

isolated areas where the concentration of arsenic in sediment presented risk to current and 

future site users.  The area of concern for ecological risks in sediment includes all sediments 

within the HBHA Pond. Based on the arsenic PRG of 273 mg/kg, the in-place volume estimate 

of contaminated sediments in the HBHA Pond that are exceeding the PRG is approximately 

9,400 cubic yards.  This preliminary volume estimate is based on previous data collected in the 

HBHA Pond that showed the average sediment thickness was approximately 41 centimeters 

and the estimated sediment volume 7,400 cubic meters ((Davis, A., et al, 1996).  This original 
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estimate only represented the volume of “black ooze” sediment.  However, more recent studies 

conducted to support the MSGRP RI indicate that sediment contamination is not exclusive to 

the “black ooze”, but rather, is ubiquitous within the entire 5-acre pond (TtNUS, 2005a).  (see 

Figure 2-5a).    

 

Sediment areas identified within the Wells G&H wetland and Cranberry Bog Conservation Area 

included unacceptable exposures to sediments considered accessible (i.e. within 30 feet of the 

edge of the Wells G&H wetland and within the bog irrigation channels, respectively).  Volume 

estimates assumed that remediation would be required to a depth of 2 feet at all sample 

locations that exceeded the arsenic PRG of 230 mg/kg for the Cranberry Bog Conservation 

Area and 300 mg/kg of arsenic for stations within the Wells G&H wetland.  In each case, the 

area of remediation was bounded by either a sample location that was below the PRG or by 

encroachment upon another exposure station. (Figures 2-5b and 2-5c, respectively) 

 

Sediment core areas were assumed to be isolated areas.  Volume estimates assumed that 

remediation efforts would be centered around the sediment core sample location exceeding the 

arsenic PRG and extend to the next sediment core sample location exhibiting arsenic 

concentrations below the PRG.  In the case of the Wells G&H wetland area, based on available 

sediment data, it is assumed the approximately the entire wetland will require remediation (See 

Figure 2-5d).  Depths of sediment removal are estimated at 2 feet on average in the vicinity of 

SC02 and 3 feet on average in the Wells G&H wetland. 

 

The following is a summary of volumes that will be addressed by the general response actions 

that are evaluated for the FS. 

 

Location 
Sediment Sampling 

Station(s) Showing Human 
Health or Ecological Risk 

Estimated Volume 
Contaminated Sediment 

HBHA Pond HBHA Pond     9,400 cubic yards 

Wells G&H Wetland 13/TT-27, WH, NT-3,      2,200 cubic yards 

Cranberry Bog 
Conservation Area CB-03     300 cubic yards 

Sediment Core Areas SC02, SC05, SC06, SC08 160,000 cubic yards 
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2.3.4  General Response Actions and Volume of Surface Water 

 

Table 2-6 presents a summary of the RAOs and general response actions identified for surface 

water, along with an initial identification of the general remedial technology types and process 

options that correspond to each general response action.  Since groundwater discharge to the 

HBHA Pond and is impacting surface water, the general response actions selected are 

dependent upon the general response actions selected for groundwater.  For example, a 

surface water treatment alternative would only be necessary if the contaminated groundwater 

was not addressed and allowed to continue discharging into the HBHA Pond surface water.  

These dependent relationships are further evaluated and discussed in Sections 3.0 and 4.0.  

The general response actions that were evaluated for the remediation of surface water include 

the following: 

 

•  No Action (required by CERCLA) 

•  Limited Action 

•  Containment 

•  Removal 

•  Treatment 

 

The technology types and process options identified on Table 2-10 will be the candidate 

technologies for the preliminary screening that is described in Section 3.0.   

 

As described in Section 2.2.4, the ecological risk assessment identified areas in the deeper 

portions of the HBHA Pond at the groundwater discharge zone where the concentration of 

benzene and arsenic present unacceptable risks to aquatic organisms.  Surface water data 

within this zone is limited.  The estimated contaminated groundwater discharge area is depicted 

in Figure 2-6.   

 

2.4  Identification and Screening of Technologies and Process Options 

 

This section presents a description of the preliminary screening and the detailed evaluations of 

technologies and process options for remediation of soil, sediment, surface water, and 

groundwater at the Industri-plex Superfund Site. 
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2.4.1  Preliminary Screening of Technologies and Process Options 

 

Potential remedial technologies and process options were identified and screened according to 

their overall applicability (technical implementability) to each contaminated medium, the 

contaminants of concern (arsenic, benzene, naphthalene, 1,2-dichloroethane, TCE), and the 

site-specific conditions present at the Industri-plex Superfund Site.  No cleanup is required for 

benzo(a)pyrene since all detected concentrations were below background concentrations.  The 

purpose of this screening effort is to investigate all of the available technologies and process 

options and to eliminate those obviously not applicable to the Site, based on the established 

remedial action objectives and general response actions of Sections 2.2 and 2.3, respectively.  

Technology identification considered the demonstrated performance of each technology given 

the site conditions and COCs. 

 

The preliminary screening of technologies is presented by medium on Tables 2-7, 2-8, 2-9, and 

2-10.  These tables present the technologies available to address soil, sediment, groundwater, 

and surface water contamination, grouped by general response action.  A brief description of 

the technology is provided and a determination is made to either retain or eliminate the 

technology based on the evaluation of its technical implementability.  A brief description of the 

rationale that was used to eliminate technologies is also provided.  The remedial technologies 

that are retained from this screening are further evaluated as described in Section 2.4.2. 

 

2.4.2  Evaluation of Technologies and Process Options 

 

A detailed evaluation of technologies and process options that were retained in the preliminary 

screening step is conducted to further focus the alternatives development process.  In this step, 

process options are evaluated with respect to other processes in the same technology category.  

One representative process option is selected, if possible, for each technology type, to simplify 

the subsequent development and evaluation of alternatives without limiting flexibility during 

remedy selection or remedial design. 

 

The evaluation of technologies and process options utilizes three criteria: effectiveness, 

implementability, and relative cost.  The Interim Final Guidance for Conducting Remedial 

Investigations and Feasibility Studies Under CERCLA (EPA, 1988) suggests that this evaluation 
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focus on the effectiveness criterion, with less emphasis directed at the implementability and 

relative cost criteria. 

 

Brief definitions of effectiveness, implementability, and relative cost, as they apply to the 

evaluation process, follow. 

 

•  Effectiveness - This criterion focuses on the potential effectiveness of process options in 

handling the estimated volume of media and meeting the remediation goals; the 

potential impacts to human health and the environment during construction and 

implementation; and how proven and reliable the process is with respect to the 

contaminants and conditions at the Site. 

  

•  Implementability - The implementability evaluation encompasses both the technical and 

institutional feasibility of implementing a process.  Technical implementability was used 

in Section 2.4.1 as an initial screen of technology types and process options, to eliminate 

those that are clearly ineffective or unworkable at a site.  Therefore, this subsequent, 

more detailed evaluation of process options places greater emphasis on the institutional 

aspects of implementability, such as the ability to obtain permits, availability of treatment, 

storage, and disposal services, and availability of necessary equipment and resources. 

  

•  Cost - Cost plays a limited role in this screening.  The cost analysis is based on 

engineering judgment, and each process is evaluated as to whether costs are high, low, 

or medium relative to the other options in the same technology type.  If there is only one 

process option, costs are compared to other candidate technologies.   

  

The evaluations of technologies and process options for each medium are presented on Tables 

2-10, 2-11, 2-12, and 2-13.  The technologies that were retained from this evaluation are 

described further in Section 2.4.3. 

 

2.4.3  Selection of Technologies and Process Options  

 

This section presents a summary of the evaluation of technologies for each contaminated 

medium, and selects the technologies and process options that will be retained for alternative 
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development and detailed analysis.  The development of alternatives and detailed analysis of 

alternatives will be conducted in Sections 3.0 and 4.0, respectively. 

 

2.4.3.1  Soil Technologies and Process Options 

 

The areas of concern for soil, where human health risks to future site users were identified due 

to elevated concentrations of arsenic, are located within the former Mishawum Lake bed to the 

east of the Halls Brook Holding Area.  Contaminated surface soils requiring remediation 

(between 0 and 3 feet bgs) are located in the vicinity of sampling station SO-13, SO-14, and 

SO-16.  Contaminated subsurface soils are located in the vicinity of soil sampling stations SO-3, 

SO-11, SO-13, and SO-14 at depths of approximately 3 to 15 feet bgs. 

 

Soil technologies and process options were evaluated based on their ability to achieve RAOs for 

soil.  Technologies and process options for soil that were retained through the preliminary and 

initial screening process include no action (as required by CERCLA), institutional controls, 

monitored natural attenuation, excavation, solidification/stabilization, on-site reuse, and off-site 

disposal.  The development of remedial alternatives for soil will employ each of these process 

options individually or in combination with another process option. 

 

2.4.3.2  Groundwater Technologies and Process Options 

 

As stated previously, the area of concern for groundwater, where contamination in groundwater 

was determined to present human health risks and hazards above risk management criteria to 

future site users, includes an area of arsenic/benzene contamination located in the Industri-plex 

Site/HBHA Pond area in the Northern Study Area and an area of benzene contamination at the 

West Hide Pile.  Other organic contaminants in groundwater that present risk or hazard above 

risk management criteria include TCE and naphthalene.  Both of these plumes generally 

coincide with the benzene plume.  One isolated detection of 1,2-dichloroethane, located within 

the benzene contaminant plume was also identified as a potential human health risk. 

 

Groundwater technologies and process options were evaluated based on their ability to reduce 

or eliminate potential human health risks due to direct contact with contaminants in 

groundwater.  The technologies and process options that were retained through the initial 

screening include the following:  
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•  No Action 

•  Limited Actions 

- Institutional Controls 

- Groundwater Monitoring 

•  Containment/Extraction Technologies 

- Vertical Extraction Wells 

•  Ex-Situ Treatment Technologies 

- Equalization 

- Dewatering 

- Sedimentation 

- Filtration 

- Reverse Osmosis 

- Air Stripping 

- Adsorption 

- Ion Exchange 

- Chemical Oxidation 

- Neutralization 

- Precipitation/Co-precipitation 

- Flocculation 

•  Discharge Technologies 

- Infiltration Gallery 

- Surface Water Discharge 

•  In-Situ Treatment Technologies 

- Monitored Natural Attenuation 

- Permeable Reactive Barrier 

- In-Situ Chemical Oxidation 

- Enhanced Bioremediation 

 

Representative treatment technologies were selected for the development and evaluation of 

remedial alternatives.  The representative ex-situ treatment process that will be evaluated for 

the treatment of the arsenic/benzene contaminant plume will include equalization, chemical 

oxidation, precipitation/coprecipitation, and adsorption. One passive in-situ treatment technology 

(permeable reactive barrier) and one active in-situ treatment technology (enhanced 

bioremediation) will be evaluated for the treatment of groundwater where no extraction occurs.  
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These representative technologies will be included in the range of alternatives that will be 

developed and evaluated in Section 3.0 of this FS.   

 

2.4.3.3  Sediment Technologies and Process Options 

 

The areas of concern for sediment, where contamination in sediment was determined to present 

current or future human health risks and hazards above risk management criteria, include 

isolated regions of sediment contamination located in the accessible portions of the Wells G&H 

Wetland and Cranberry Bog Conservation Area; and sediment cores collected from deep 

sediments that were collected to evaluate future risks associated with a dredging scenario.  The 

area of concern for ecological risk includes the sediments in the HBHA Pond.  The migration of 

arsenic contaminated sediments from upstream sources (HBHA Pond) to downstream 

depositional areas is also of concern from a human health perspective. 

 

Sediment technologies and process options were evaluated based on their ability to reduce or 

eliminate potential human health risks due to direct contact with contaminants, their ability to 

mitigate ecological risks in the HBHA Pond, and their ability to mitigate the transport of 

contaminated sediment downstream with the flow of surface water.  The sediment technologies 

and process options that were retained through the initial screening include the following:  

 

•  No Action (as required by CERCLA),  

•  Limited Actions 

- Institutional Controls  

- Periodic Monitoring 

- Monitored Natural Recovery/Enhanced Natural Recovery 

•  Containment/Stormwater Control Technologies  

- Silt Curtain/Silt Screen  

- Subaqueous Cap  

- Sediment Retention  

- Stormwater Bypass  

•  Removal Technologies 

- Mechanical Dredging 

- Hydraulic Dredging 

- Bulk Mechanical Excavation 
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•  Treatment Technologies 

- Dewatering 

- Solidification/Stabilization 

•  Disposal Options 

- On-Site Reuse 

- Off-Site Landfill Disposal 

 

In Section 3.0, each of the above technologies will be included in the range of alternatives that 

are developed and evaluated for the remediation of sediment.  The one exception will be that 

hydraulic dredging will be evaluated as the representative method for the removal of submerged 

sediments and mechanical excavation will be evaluated as the representative method for the 

removal of sediments that are not submerged.  Hydraulic dredging was selected over 

mechanical dredging due to the fact that sediment in the HBHA Pond has a very low solids 

content, which makes it amenable to this type of dredging.  The use of hydraulic dredging will 

minimize the amount of sediment that is suspended into surface waters during dredging. 

 

2.4.3.4  Surface Water Technologies and Process Options 

 

The area of concern for surface water, where contamination in surface water was determined to 

present unacceptable ecological risks to benthic invertebrates, includes the deeper portions only 

of the surface water within the HBHA Pond.  Arsenic and benzene are contaminants of concern 

for deep surface water throughout the HBHA Pond.  Surface water also represents the principal 

transport mechanism for soluble arsenic and arsenic-contaminated suspended solids that 

facilitates the migration of arsenic to downstream depositional areas. 

 

Surface water technologies and process options were evaluated based on their ability to reduce 

or eliminate potential ecological risks due to exposure to contaminants in surface water.  Since 

the surface water in this zone is the result of direct groundwater discharges, the technologies 

are similar and interrelated.  If groundwater remedies are selected, the need for surface water 

treatment may not be required. The technologies and process options that were retained 

through the initial screening include the following:  

 

•  No Action 

•  Limited Actions 
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- Institutional Controls 

- Surface Water Monitoring 

- Provide Alternate Habitat (in the event that the HBHA Pond is used as a 

component of the remedy) 

 

Representative treatment technologies were selected for the development and evaluation of 

remedial alternatives.  No viable remedial alternatives were retained for containment or 

treatment of contaminated surface water. The representative limited actions that will be 

evaluated are a combination of institutional controls with monitoring and providing an alternate 

habitat.  These representative technologies will be included in the range of alternatives that will 

be developed and evaluated in Section 3.0 of this FS.   
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3.0  DEVELOPMENT AND SCREENING OF ALTERNATIVES 

 

This section presents the rationale for developing remedial action alternatives that address the 

remedial action objectives, and describes the remedial alternatives that will be evaluated for 

each of the environmental media and areas-of-concern that were identified in Section 2.0.  

Relevant statutes and policies were reviewed and identified to help formulate the range of 

remedial alternatives.  The alternatives were developed and screened in accordance with the 

National Oil and Hazardous Substances Contingency Plan (NCP; 40 CFR 300.430) and the 

Interim Final Guidance for Conducting Remedial Investigations and Feasibility Studies Under 

CERCLA (EPA, October 1988).   

 

The NCP encourages developing alternatives that favor treatment technologies to address 

principal threats and alternatives that employ engineering controls to address relatively low 

long-term threats.  Additionally, the NCP suggests developing a range of treatment alternatives, 

including one or more engineering control alternatives (such as containment), one or more 

innovative treatment alternatives, and the baseline no action alternative.  The EPA RI/FS 

guidance provides detailed descriptions on formulating, screening, and selecting remedial 

alternatives for more detailed evaluations.  The alternatives development process that is 

documented in this section follows this guidance. 

 

Section 3.1 presents the rationale for the development of remedial action alternatives for each 

contaminated media.  Sections 3.2, 3.3, 3.4, and 3.5 present the descriptions of remedial action 

alternatives for soil, groundwater, sediment, and surface water, respectively.  In Section 3.6, the 

screening of remedial alternatives is presented by medium and alternatives are selected for the 

detailed analysis.  The detailed analysis of alternatives is presented in Section 4.0. 

 

3.1  Rationale for Development of Remedial Action Alternatives 

 

This section presents a description of the rationale that was used to develop remedial action 

alternatives to address contaminated media at the Site.  The considerations described below 

were each incorporated into the alternatives development process for each medium or area of 

concern. 
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3.1.1  Protection of Human Health Considerations 

 

As presented in Section 1.0, the baseline human health risk assessment evaluated the potential 

exposure to contaminants in soil by future adult and child receptors.  Cancer risks and/or non-

cancer hazards in excess of risk management criteria were identified for future adult 

construction workers and future day care children.  The primary risk contributor is elevated 

concentrations of arsenic in surface and subsurface soil samples collected from the former 

Mishawum Lake bed area. 

 

The baseline human health risk assessment evaluated the potential risks and hazards to future 

adult receptors (industrial worker and construction worker) exposed to site groundwater.  It was 

determined that if groundwater from a contaminant plume located to the north and east of the 

HBHA Pond (see Figure 1-5) were to be used as industrial process water or as wash water for a 

warm water car wash, then excess carcinogenic risks would exceed EPA's target risk range of 

10-4 to 10-6 and/or a Hazard Index of 1.0.  Risk and hazard estimates are presented in the 

MSGRP Remedial Investigation Report (TtNUS, 2005).   

 

The baseline human health risk assessment evaluated the risks and hazards to current and 

future adult and child receptors from direct contact with contaminated sediment.  Risks and 

hazards in excess of risk management criteria were estimated for sediment located in the Halls 

Brook Holding Area, the Wells G&H wetland, and the Cranberry Bog Conservation Area.  As 

depicted on Figure 1-4, the exposure points for these risks consisted of several areas within 

sediment sampling stations in these areas of concern.  Sediments near the edge of wetlands 

were considered accessible to recreational humans, extending up to 30 feet into the wetlands.  

Sediment areas identified by sediment core locations, which are located in the deeper interior 

areas of the wetlands and within the river channel, were not considered accessible to humans 

except under a potential future dredging scenario where construction workers could be 

exposed. 

 

Chemical-specific PRGs were developed using assumptions and equations consistent with 

those used in the human health risk assessment to determine the concentration of the COCs 

that would provide a level of risk to future receptors within the target risk range.  The remedial 

alternatives developed in this FS will address the chemicals present in excess of these PRGs 

that pose potential carcinogenic risks and non-carcinogenic hazards to human health through 
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current and future exposures to contaminated soil, groundwater, and sediment in these areas of 

Site.  Each remedial alternative was to be evaluated based on its ability to address the 

protection of human health through either the elimination of these exposure pathways or 

reduction of the exposure point contaminant concentrations. 

 

3.1.2  Protection of Ecological Receptors  

 

Based on the results of the ecological risk assessment and a risk management determination 

made by EPA in February 2005, the HBHA Pond is the only habitat area with unacceptable 

ecological risks that will be addressed by the FS.  The ecological risk assessment identified 

potential risks to benthic invertebrates exposed to high levels of metals, particularly arsenic, in 

the sediments of HBHA Pond.  The ecological risk assessment also identified unacceptable 

risks to aquatic organisms due to arsenic in deep surface water throughout the HBHA Pond and 

benzene in deep surface water associated with groundwater discharge at the northern portion of 

the HBHA Pond.  

 

Chemical-specific PRGs were developed based on concentrations of the contaminants of 

concern that would reduce or eliminate the exposure to aquatic receptors and benthic 

invertebrates at levels associated with adverse ecological effects. The remedial alternatives 

developed in this FS will address the chemicals present in excess of these PRGs that pose 

potential risks to aquatic receptors in the HBHA Pond through exposures to contaminated 

sediment and surface water.  Each remedial alternative was evaluated based on its ability to 

address the protection of ecological resources through either the elimination of these exposure 

pathways or replacement of the habitat through mitigation.  

 

Treatment or containment alternatives for sediment contaminated with metals (primarily arsenic) 

in the pond were evaluated based on their ability to mitigate ecological risks and prevent further 

downstream migration of contaminated sediment.  Surface water technologies and process 

options were evaluated based on their ability to reduce or eliminate potential ecological risks 

due to exposure to contaminants in surface water.  Since the risks associated with exposures to 

surface water in the HBHA Pond are related to groundwater discharges, the development and 

evaluation of alternatives for surface water is highly dependent upon the technologies that are 

employed to address groundwater.  For this reason, discussions of surface water alternatives 

will include contingencies that involve references to groundwater alternatives. 
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3.1.3  Floodplain Considerations 

 

Most of the areas of concern for soil and sediment contamination are located within the 100-

year floodplain of the Aberjona River.  In fact, flooding of the Aberjona River was evaluated as a 

transport mechanism for sediment all along the Aberjona River and Halls Brook Holding Area 

(HBHA).  Residential exposures to floodplain soils were also evaluated as part of the human 

health risk assessment for the Southern Study Area.  The presence of the floodplains and the 

flood storage capacity at the Site needs to be considered in the formulation of remedial 

alternatives.  Executive Order 11988 requires that remedial alternatives be evaluated to avoid 

adverse effects and incompatible development in the floodplains, and to minimize potential 

harm to floodplains if the only practicable alternative requires siting an action in a floodplain.  

The order also provides opportunities for public review.   

 

For the purpose of the FS, the potential impact (loss of flood storage capacity) of each 

alternative was evaluated.  Once a remedy is selected for the Site, a formal floodplains 

assessment needs to be completed to accurately estimate impacts to the floodplain capacity, 

effects of construction on the floodway, and whether there are impedances to flood conveyance.  

Based on those findings, options for developing compensatory flood storage capacity may be 

developed. 

 

3.1.4  Wetlands Considerations 

 

As discussed in Sections 1.0 and 2.0, the majority of the metals contamination within the Study 

Area is located in wetland areas within or adjacent to surface water bodies such as the HBHA 

Pond, Halls Brook Holding Area, and the Aberjona River.  In order to attain clean-up levels that 

would be protective of human and/or ecological receptors, active remedial actions may be 

required in the wetlands including excavation, treatment, or containment.   

 

Active remediation would likely result in the unavoidable loss of the on-site wetlands.  As 

described in the revised Memorandum of Agreement between the EPA and the Department of 

the Army Concerning the Determination of Mitigation Under the Clean Water Act Section 

404(b)(1) Guidelines (MOA), dated March 12, 1990, three general types of wetlands mitigation 

are compatible with the requirements of the guidelines: avoidance, minimization, and 
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compensatory mitigation.  Where practical, remedial alternatives will strive to avoid and 

minimize wetland losses, but if active remediation is required in wetland areas, the loss of 

wetland habitat is inevitable.  In these cases, compensatory mitigation would be the appropriate 

action. 

 

The preferred type of compensatory mitigation is on-site restoration of existing degraded 

wetlands or creation of man-made wetlands.  If on-site compensatory mitigation is not 

practicable, then the off-site restoration of existing degraded wetlands or creation of man-made 

wetlands would be undertaken in the same geographic area; for instance, in close physical 

proximity to and, to the extent possible, within the same watershed as the original wetlands.  

Restoration of existing degraded wetlands is preferred over creation of man-made wetlands 

because of uncertainty regarding the success of man-made wetlands.  The development of 

remedial alternatives will consider the potential impacts of each option and the actions 

necessary to mitigate the potential loss of wetlands. 

 

3.2   Development of Remedial Alternatives for Soil 

 

This section provides descriptions of remedial alternatives that would address areas where risks 

and hazards in excess of risk management criteria were identified based on potential future 

exposures to arsenic in soil.  These alternatives were developed from the technologies and 

process options that were retained in Section 2.4.3.1 of the FS.  The descriptions presented 

below provide a general description of the remedial alternatives that are considered for soil.  

The screening of remedial alternatives for soil is presented in Section 3.6.1. 

 

3.2.1  Soil Alternative 1: No Action 

 

The No Action alternative was developed as a baseline case, as required by the NCP, to which 

all other alternatives may be compared.  Under this alternative, it is assumed that no action 

would be taken to reduce the toxicity, mobility, or volume of contaminated soil within the former 

Mishawum Lake bed. 

 

The No Action alternative would not be effective at achieving the RAOs for soil since it would 

not limit future human exposures to contaminated soil.  There would be no treatment, 

containment, or removal of soil that is contaminated with arsenic, and potential future risks to 
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human receptors would remain. As required by CERCLA, a review of site conditions and risks 

would be conducted every 5 years since contamination would remain on site above levels that 

allow for unlimited use and unrestricted exposure. 

 

3.2.2  Soil Alternative 2: Monitoring with Institutional Controls  

 

Soil Alternative 2 was developed as an alternative that does not involve treatment or removal, 

but provides protection of human health by preventing or controlling potential exposures to 

contaminated soil through institutional controls.  Under this alternative, institutional controls 

would be implemented to prevent future exposures to contaminated soil in the former 

Mishawum Lake bed area. A pre-design investigation would be required to delineate the area 

requiring application of institutional controls.  Currently, groundwater conditions at this area do 

not pose a risk or hazard to human health or a risk to the environment.  Monitoring would 

ensure that groundwater conditions are periodically evaluated to determine if these conditions 

change as a result of the contaminated soils that would be left in-place.   

 

Institutional controls would take the form of land-use restrictions, specifically the prohibition of 

use by a day care facility and prohibitions on excavation in this area, including paved areas and 

below building foundations, unless adequate precautions (engineering controls, personal 

protective equipment [PPE]) were taken to minimize or prevent direct contact with contaminated 

soil during removal activities.  These types of controls would be designed to address the 

potential human health risks that were identified under the future use scenarios that were 

evaluated for the former Mishawum Lake bed area. 

 

Soil Alternative 2 does not involve any actions that will reduce the toxicity, mobility, or volume of 

contamination in soil.  The only on-site activities that would be conducted under this alternative 

are long-term monitoring of environmental media and periodic reviews of site conditions and 

risks.  As required by CERCLA, a review of site conditions and risks would be conducted every 

5 years since contamination would remain on site above levels that allow for unlimited use and 

unrestricted exposure. 
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3.2.3 Soil Alternative 3: Permeable Cover and Monitoring with Institutional 
Controls 

 

Soil Alternative 3 was developed as an alternative that does not involve treatment or removal, 

but provides protection of human health by preventing or controlling potential exposures to 

contaminated soil through the construction of a protective barrier or cap over the contaminated 

soils.  Under this alternative, a permeable cover would be constructed to prevent future 

exposures to contaminated soil in the former Mishawum Lake bed area.  This alternative would 

also require the implementation of institutional controls to require periodic inspections and long-

term maintenance of the cover to preserve its integrity, and regulations on future construction 

methods and procedures if the cover must be breached.  A pre-design investigation would be 

required to delineate the area requiring installation of the permeable cover.  The current 

estimated areas are based on widely spaced data and the final areas could vary significantly.   

 

3.2.3.1  Limited Soil Excavation 

 

This alternative also requires the limited excavation of soils to accommodate the construction 

and completion of the permeable cover at existing grades.  Excavated soils would be disposed 

off-site at a permitted facility. A soil stockpiling area would be constructed at a location to be 

determined within the areas of concern.  The soil stockpiling areas would be necessary to stage 

excavated soil while it is being characterized for disposal.  The stockpiling area would consist of 

lined, bermed areas surrounded by erosion controls to prevent the migration of contaminants 

due to runoff during storm events.  Contaminated soil stockpiles would also be covered to 

prevent migration of contaminants from wind erosion.  Underliners would be installed at the 

stockpiling area to prevent contact between contaminated soil and the underlying ground 

surface.  Once characterized and accepted at the designated disposal facility, the soils would be 

loaded into trucks and shipped offsite.  

 

Erosion and sedimentation control measures would be installed at each area where excavation 

or any other earth-moving activity occurs.  Typically, these measures would include the 

installation of silt fence and/or straw bales at the perimeter of all work areas and adjacent to any 

wetland or surface water features that could potentially be impacted by runoff from the work site.  

The scale of these measures will vary depending upon the size of the excavation area and its 

proximity to sensitive environmental areas. 
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3.2.3.2  Permeable Cover Construction 

 

A permeable cover would likely take the form of a permeable engineered multi-media cap over 

the contaminated soil. This approach has been successfully used at the Industri-plex Site for the 

remedy of soils contaminated with heavy metals.  Existing asphalt paved areas and building 

foundations/slabs would be evaluated to determine if they are suitable as cover that is 

functionally equivalent to the proposed cap.  If determined to be “equivalent cover”, these area 

will be left as is (or repaired), but included in the institutional controls along with the areas 

receiving an engineered cover, subject to long-term maintenance and management.  

 

Soil Alternative 3 does not involve any actions that will reduce the toxicity of contamination in 

soil due to contaminated soils remaining in place below the permeable cover.  A limited volume 

of contaminated surface soils would be removed and disposed offsite at an approved licensed 

disposal facility in order to facilitate construction of the cap without affecting the existing grades. 

Once the permeable cover was installed on-site, activities that would be conducted under this 

alternative are long-term maintenance, long-term monitoring of environmental media and 

periodic reviews of site conditions and risks.  As required by CERCLA, a review of site 

conditions and risks would be conducted every 5 years since contamination would remain on 

site above levels that allow for unlimited use and unrestricted exposure. 

 

3.2.4  Soil Alternative 4: Excavation and Off-Site Disposal 

 

Soil Alternative 4 features the excavation of contaminated soil from the former Mishawum Lake 

bed area and disposal of this soil at an approved, licensed, off-site disposal facility.  Excavation 

of contaminated soil, and backfilling with clean soil, would be protective of human health by 

eliminating potential future human health risks and hazards associated with direct contact with 

contaminated soil.  The following sections present a description of the major components of 

Alternative 4. 

 

3.2.4.1  Site Preparation 

 

A pre-design investigation would be required to delineate the area requiring excavation and 

disposal.  The current estimated areas are based on widely spaced data and the final areas and 

volumes could vary significantly. Site preparation would be necessary to implement 



  DRAFT FINAL  
 

RI051270DF 3-9 Tetra Tech NUS, Inc. 

contaminated soil excavations within the former Mishawum Lake bed.  Since the sampling 

locations where contamination was identified are readily accessible to excavation equipment, 

clearing and grubbing of vegetation should be minimal.  Much of the area in this portion of the 

site is covered with asphalt pavement, therefore ground stabilization is not likely to be 

necessary to accommodate excavation equipment. 

 

Erosion and sedimentation control measures would be installed at each area where excavation 

or any other earth-moving activity occurs.  Typically, these measures will include the installation 

of silt fence and/or straw bales at the perimeter of all work areas and adjacent to any wetland or 

surface water features that could potentially be impacted by runoff from the work site.  The scale 

of these measures will vary depending upon the size of the excavation area and its proximity to 

sensitive environmental areas. 

 

A soil stockpiling area would be constructed at a location to be determined within the areas of 

concern.  The soil stockpiling areas would be necessary to stage excavated soil while it is being 

characterized for disposal.  The stockpiling area would consist of bermed areas surrounded by 

erosion controls to prevent the migration of contaminants due to runoff during storm events.  

Contaminated soil stockpiles would also be covered to prevent migration of contaminants from 

wind erosion.  Underliners would be installed at the stockpiling area to prevent contact between 

contaminated soil and the underlying ground surface.  Once characterized and accepted at the 

designated disposal facility, the soils would be loaded into trucks and shipped offsite.  

 

Site preparation for excavation would also involve the establishment of decontamination 

facilities to prevent the transport of contamination from the excavation sites.  Since the work 

areas are within heavily developed commercial and light industrial areas, decontamination of all 

equipment and personnel leaving each excavation site would be a priority during 

implementation of the excavations to minimize short-term impacts to the community from the 

remedial action.  For this purpose, a heavy equipment decontamination pad would be 

constructed at each site access point to prevent the transport of contaminated soil into public or 

private roadways.  Decontamination pads typically consist of a gravel or concrete pad designed 

to capture and drain decontamination fluids into a sump.  Decontamination is accomplished 

using pressure washers to wash the tires and frame of trucks as they leave the site. 

Decontamination fluids are typically containerized, characterized for disposal, and ultimately 

shipped to an approved licensed disposal facility.  
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3.2.4.2  Contaminated Soil Excavation 

 

As stated previously, Soil Alternative 3 would involve the excavation of contaminated soil 

located within the former Mishawum Lake bed area to the vertical and horizontal limits required 

to remove the entire volume of soil that might present future risks and hazards to human 

receptors. For surface soil, the vertical limit is assumed to be 3 feet.  For subsurface soils, the 

vertical limit is assumed to be 15 feet.  After site preparation activities have been completed and 

prior to the commencement of excavation, a site survey would be conducted to identify and 

mark the preliminary limits of contaminated soil (see Figure 2-3A for estimated surface soil 

horizontal limits and Figure 2-3B for the estimated subsurface horizontal limits).  Excavation 

areas would be marked in the field using wooden stakes, pin flags, or white spray paint. 

Appropriate investigations and surveys would be conducted to identify all underground utilities 

prior to excavation. 

 

Excavation of soil would be accomplished using a hydraulic excavator.  Excavated soil would be 

transferred from the excavator bucket directly into dump trucks or dump trailers at the point of 

excavation.  Dump trucks would transport excavated soil from the excavation site to the soil 

stockpiling area, where it will be temporarily stored until the proper disposal requirements are 

determined.   

 

After the removal of soil to the vertical and horizontal limits delineated above, a series of 

cleanup confirmation soil samples would be collected from each soil excavation.  Confirmation 

samples would be collected from the sidewalls of each excavation at regular intervals to verify 

that the full horizontal extent of contaminated soil has been removed from the site.  Soil samples 

would be analyzed for the presence of arsenic using a portable field x-ray fluorescence (XRF) 

instrument with approximately 10 percent of the samples analyzed by a laboratory for 

confirmation.  Additional excavation would be performed in the vicinity of any soil sample 

containing concentrations of arsenic in excess of remediation goals.  Additional cleanup 

confirmation samples would be collected after the additional excavation is complete.  This 

iterative process would continue until all remedial objectives are achieved. 
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3.2.4.3  Backfill and Site Restoration 

 

Following verification that all contaminated soil has been removed from the site, geotechnical 

materials, if applicable, would be installed in the excavations, and the excavations would be 

backfilled using clean soil.  Backfill material would be obtained from a local source, analyzed to 

certify that it is free of contaminants, and delivered to the site using dump trucks or dump 

trailers.  Backfill material would be dumped directly into the excavations and spread using the 

excavator or a bulldozer depending on the size of the excavation.  Compaction would be 

accomplished using a vibratory roller or equivalent equipment.  Backfill would be spread and 

compacted in lifts, and density tests would be conducted after each lift to ensure that backfill is 

being placed according to specifications. 

 

Surface restoration at each property would involve re-establishing the pre-excavation surface 

features.  Vegetated areas would be replanted with the equivalent vegetation that was present 

prior to excavation.  Paved areas would be resurfaced with asphalt pavement or concrete. 

 

3.2.4.4  Waste Characterization and Off-Site Disposal 

 

Excavated and stockpiled soil would ultimately be transported to an off-site disposal facility.  

Based on the anticipated concentration of arsenic in soil that will be removed, it is assumed that 

excavated material will be suitable for disposal at a RCRA Subtitle C hazardous waste landfill.  

In order to confirm the appropriate disposal requirements for excavated soil, waste 

characterization samples (as required by the disposal facility) will be collected from stockpiled 

soil.  Soil would be transported to offsite treatment and/or disposal facilities using dump trailers 

with an approximate 20 cubic yard capacity (80,000 pound gross vehicle weight).   

 

3.2.5  Soil Alternative 5: Excavation, Treatment, and On-Site Reuse 

 

Soil Alternative 5 features the excavation of contaminated soil from the former Mishawum Lake 

bed area, treatment of soil using acid extraction, and placement/re-use of treated soil as backfill 

material.  The following sections provide a description of the major components of Soil 

Alternative 5. 
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3.2.5.1  Site Preparation, Excavation, and Temporary Storage of Soil 

 

The site preparation, excavation, and soil stockpiling procedures for contaminated soil under 

Soil Alternative 5 would be the same as described for Soil Alternative 4.  From the standpoint of 

soil removal and temporary storage of excavated soil at the former Mishawum Lake bed area, 

Soil Alternative 5 is identical to Soil Alternative 4.  The stockpiling area may be larger to 

accommodate the soil treatment processing equipment. 

 

3.2.5.2  Treatment and Reuse of Contaminated Soil 

 

The primary difference between Soil Alternatives 4 and 5 is the onsite treatment of excavated 

soil.  Under Alternative 5, contaminated soil would be transported to a stockpiling/treatment 

area, where it would be treated to remove arsenic, rather than characterized for off-site 

transportation and disposal.   

 

Under Soil Alternative 5, arsenic would be removed from the excavated soil using a treatment 

train approach that includes soil pre-treatment, acid extraction, rinsing, and dewatering.  These 

facilities would be mobilized to the site and a designated treatment area would be constructed to 

process and treat contaminated soils. 

 

The first step in the treatment process would be to screen soils to remove coarse solids.  

Overflow from this process would be sampled to determine if it contains unacceptable 

concentrations of arsenic, and would be utilized as backfill material (if clean) or transported to 

an off-site facility for disposal. 

 

Next the soil would be fed into a batch reactor and acid is mixed in to promote contact between 

soil and the acid extractant.  The residence time in the unit will vary depending on the soil type 

and contaminant concentrations, but generally ranges between 10 and 40 minutes.  The soil-

extractant mixture is continuously pumped out of the mixing tank in slurry form, and the soil and 

extractant are separated using hydrocyclones. 

 

When extraction is complete, the solids are transferred to the rinse system.  The soils are rinsed 

with water to remove entrained acid and arsenic.  The extraction solution and rinse waters are 

regenerated using commercially available precipitants, such as sodium hydroxide, lime, or other 
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proprietary formulations, along with a flocculent that removes the arsenic and reforms the acid.    

During the final step, the soils are dewatered and mixed with lime and fertilizer to neutralize any 

residual acid.  

 

The soil treated by the acid extraction process would be sampled to ensure that arsenic 

concentrations have been reduced to acceptable levels and that no unacceptable levels of 

residual acid remain.  Soil can be re-treated if required to achieve remediation goals.  If post-

treatment characterization samples are acceptable, the treated soil would then be used to 

backfill the areas from which they were excavated (see Section 3.2.4.3).  If some of the treated 

material is unsuitable to backfill at the site, that material would be transported to an off-site 

facility for disposal and clean fill would be purchased to backfill excavations, as needed.  The 

aqueous waste stream from the batch reactor (to which arsenic will have been transferred) 

would be captured, containerized, and properly treated or disposed offsite.  Upon complete 

processing of contaminated soil, the batch reactor would be demobilized from the site. 

 

3.3  Development of Remedial Alternatives for Groundwater 

 

This section describes the remedial alternatives that would address areas where risks and 

hazards in excess of risk management criteria were identified based on potential future 

exposures to groundwater.  In addition, groundwater discharges to the HBHA Pond result in 

unacceptable ecological risks to benthic invertebrates in sediments, unacceptable risks to 

benthic aquatic organisms in deeper surface water, and also represents a source of arsenic to 

downstream depositional areas.  These alternatives were developed from the technologies and 

process options that were retained in Section 2.4.3.2 of the FS.  The descriptions presented 

below provide a general description of the remedial alternatives that are considered for 

groundwater.  The screening of alternatives for groundwater is presented in Section 3.6.2. 

 

3.3.1  Alternative GW-1: No Action 

 

The No Action alternative was developed as a baseline case, as required by the NCP, to which 

all other alternatives may be compared.  Under this alternative, it is assumed that no action 

would be taken to reduce the toxicity, mobility, or volume of contaminated groundwater at the 

Industri-plex MSGRP Study Area. 
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The No Action alternative would not limit potential human exposure to contaminated 

groundwater, and would not prevent future discharges of contaminated groundwater to surface 

water bodies at the Site.  There would be no treatment of groundwater that is contaminated with 

arsenic, benzene, TCE, naphthalene, or 1,2-dichloroethane; and there would be no measures 

taken to restrict the future use of groundwater that is contaminated with these substances.  

Groundwater that is contaminated with arsenic would continue to migrate southward with the 

flow of groundwater, and would continue to discharge into the HBHA Pond, Aberjona River, and 

adjacent wetlands, providing a continuing source of contamination to surface water and 

sediments in these areas. As required by CERCLA, a review of site conditions and risks would 

be conducted every 5 years since contamination would remain on site above levels that allow 

for unlimited use and unrestricted exposure. 

 

3.3.2  Alternative GW-2: Pond Intercept and Monitoring with Institutional 
Controls 

 

Alternative GW-2 was developed as an alternative that intercepts groundwater discharge at the 

HBHA Pond with no active treatment, but provides protection of human health by preventing or 

controlling potential exposures to contaminated groundwater through institutional controls.  The 

activities that would be conducted under this alternative include: institutional controls; long-term 

monitoring of groundwater, surface water, and sediments to evaluate contaminant status and 

migration; and a review of site conditions and risks every 5 years.   

 

As presented in the baseline human health risk assessment, human health risks and hazards 

above risk management criteria from direct contact with contaminated groundwater would result 

from future use of site groundwater such as industrial process water or as wash water in a car 

wash (adult industrial worker and adult car wash worker exposure scenarios).  Alternative GW-2 

would strive to limit human exposure to contaminated groundwater through deed restrictions, 

which would prohibit the use of site groundwater for activities that could pose a future human 

health risk.   

 

Alone, Alternative GW-2 would not minimize discharge of contaminated groundwater to the 

HBHA Pond, Aberjona River, or adjacent wetlands; but would attempt to limit human exposure 

to the contaminants present in the groundwater at the site.  Alternative GW-2 would use the 

HBHA Pond to intercept the groundwater as it is discharged to the pond and where natural 

processes are degrading and sequestering the contaminants of concern. Alternative GW-2 
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coupled with an HBHA Pond sediment alternative that prevents disruption of the surface water 

chemocline within the Pond would further minimize southward migration of contaminants to 

areas downstream of the HBHA Pond. Under this alternative, environmental monitoring would 

be conducted on a periodic basis to provide the regulatory agencies with the appropriate data to 

determine whether additional actions are needed.   

 

3.3.3 Alternative GW-3: Plume Intercept, Groundwater Extraction, 
Treatment, Discharge, and Monitoring with Institutional Controls 

 

Alternative GW-3 is an active groundwater extraction and treatment alternative.  This alternative 

would consist of installing a groundwater extraction system to intercept, collect, and treat 

contaminated groundwater from the overburden aquifer prior to discharge to the HBHA Pond.  

The implementation of Alternative GW-3 would prevent continued migration of groundwater 

contaminants into the HBHA Pond through hydraulic containment, but would not reduce 

groundwater contaminant concentrations within the treatment zone to levels that are within the 

target risk range due to the widespread presence of metals and organics at the Industri-plex 

Site.  Instead, Alternative GW-3 would provide protection of human health by preventing or 

controlling potential exposures to contaminated groundwater through the use of institutional 

controls placed on properties located within the contaminated groundwater plume.   

Groundwater monitoring would be conducted on a periodic basis to provide the regulatory 

agencies with the appropriate data to determine whether additional actions are needed 

 

The groundwater extraction system that would be most effective at the Site would consist of a 

series of vertical extraction wells placed in a pattern that enables complete hydraulic capture of 

the contaminated portions of the aquifer discharging into the HBHA Pond while minimizing the 

amount of uncontaminated groundwater that is extracted.  The extraction system would also 

include a network of underground pipe that would convey extracted groundwater to a central 

treatment location, where ex-situ treatment of groundwater would be performed.   

 

Contaminated groundwater that is extracted would be treated by using a treatment train that 

consists of a series of processes that are applicable to the target contaminants that are being 

removed.  Generally, the treatment train would consist of an equalization tank to control flow 

into the system and, if necessary, a particle filtration system for the removal of suspended 

solids.  These pre-treatment processes would be followed by contaminant-specific treatment 
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processes.  The estimated influent concentration of target contaminants based on the average 

contaminant concentrations detected in all groundwater samples is as follows: 

 

•  arsenic  217 µ/L 

•  benzene 1,100 µ/L 

•  1,2-dichloroethane 0.3 µ/L 

•  TCE 4 µ/L 

•  Naphthalene 8 µ/L 

 

Treatment processes for the removal of arsenic would consist of chemical oxidation and 

precipitation with the addition of potassium permanganate followed by flocculation and 

clarification.  The literature states that this process is reliable to remove arsenic to a 

concentration in the range of 100 to 150 µg/L.  The potassium permanganate would be added to 

oxidize and precipitate arsenic, as well as other metals that may impact discharge limits such as 

iron.  As needed, pH would be adjusted by the addition of hydrochloric acid or sodium hydroxide 

to optimize the reaction.  The water would then flow to a slow-mixed flocculation tank, where a 

polyelectrolyte (polymer) would be added to enhance the precipitation of the oxidation reaction 

products.  The discharge from the flocculation tank would flow into a tube settler clarifier where 

the solids would settle out.  The clarified water would then flow through activated carbon filters 

for the removal of residual organic contaminants.  Finally the water would flow to a holding tank 

for ultimate discharge to a groundwater recharge system or to surface water.  Finally, as a 

polishing step, the water would be filtered through green sand media for further removal of 

arsenic. 

 

Sludge from the clarifier would be pumped to a gravity thickening tank.  The sludge would be 

thickened under quiescent conditions and supernatant would be pumped off on a regular basis.  

The thickened sludge solids would be removed periodically and transported for off-site disposal.  

The hazardous waste characteristics of the sludge stream are uncertain.  The concentration of 

arsenic in the sludge from the oxidation and precipitation process has the potential to generate 

a TCLP leachate arsenic concentration greater than the RCRA characteristic concentration 

allowed.  However, the arsenic is anticipated to be tightly bound to the iron particulates in the 

thickened sludge, and sludges from similar waste streams treated by this process have been 

observed to be non-hazardous.   
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3.3.4 Alternative GW-4: Plume Intercept, In-Situ Groundwater Treatment, 
and Monitoring with Institutional Controls 

 

Alternative GW-4 is an in-situ groundwater treatment alternative.  The in-situ groundwater 

treatment strategy that is evaluated for the FS includes two technologies that would be used 

together to address the principal threats identified in groundwater at the Site.  First, oxygen 

enhancement (in-situ chemical oxidation or in-situ enhanced bioremediation) would be used to 

treat the organic contaminant source areas located between the East-Central Hide Pile and the 

South Hide Pile in the vicinity of Atlantic Avenue (benzene, TCE, 1,2-dichloroethane, and 

naphthalene) and an isolated source area at the West Hide Pile (benzene).  Second, a 

permeable reactive barrier would be constructed along the perimeter of the northern portion of 

the HBHA Pond to intercept and treat groundwater contaminated with arsenic prior to surface 

water discharge in the HBHA Pond.  Combined, these in-situ treatment processes would 

decrease organic contaminant concentrations to levels below remediation goals, and intercept 

and treat arsenic prior to discharge in the HBHA Pond.   

 

Alternative GW-4 would not decrease site-wide arsenic concentrations in groundwater to levels 

within the target risk range due to the site- wide presence of metals and organics at the Industri-

Plex Site. This alternative would only serve to intercept and treat arsenic contaminated 

groundwater prior to surface water discharge in the HBHA Pond.  Alternative GW-4 provides 

protection of human health by preventing or controlling potential exposures to contaminated 

groundwater through the use of institutional controls on properties located within the 

contaminated groundwater plume.  Groundwater monitoring would be conducted on a periodic 

basis to provide the regulatory agencies with the appropriate data to determine whether 

additional actions are needed. 

 

3.3.4.1  In-Situ Treatment of Benzene-Contaminated Groundwater 

 

Two representative treatment technologies are presented in this section to address benzene 

contamination in the Northern Study Area.  Both alternatives involve the addition of oxygen to 

the aquifer to promote degradation (chemical or biological) of contaminants without extracting 

groundwater from the aquifer.  The only difference between the two technologies is the type of 

amendment that would be used to promote in-situ treatment.  Each of these alternatives, if 

designed properly, could decrease groundwater contaminant levels to those that would be 

protective of human health and the environment.  The following sections provide brief 
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descriptions of the components of these technologies as they apply to in-situ treatment of 

contaminated groundwater at the Site. 

 

Reagent Delivery System 

 

The two in-situ groundwater treatment technologies that will be evaluated are similar in that they 

both involve liquid delivery systems as a means to apply the treatment reagent to the 

contaminated groundwater that is being treated.  As such, the overall effectiveness of each of 

these active in-situ processes is primarily dependent upon the ability to deliver the treatment 

reagent (either chemical oxidizer or oxygen-releasing slurry) to the contaminated areas that are 

being addressed.  In order to successfully implement such a process, a liquid delivery system of 

adequate size and scope must be designed to cover the entire contaminant plume area. 

 

Liquid delivery systems that are used for in-situ chemical or biological treatment typically consist 

of wells or trenches where adequate amounts of nutrients, oxygen, or other chemical oxidants 

are released to the subsurface to circulate throughout the zone of contamination and provide 

the subsurface conditions necessary to promote contaminant degradation.  A liquid delivery 

system for the purpose of injecting chemical or biological amendments into the contaminated 

portions of the overburden aquifer would likely consist of a series of wells (or injection points) 

installed in a grid formation, at fixed intervals, throughout the entire area of groundwater 

contamination.  Injection points can be installed using commonly available direct push drilling 

techniques with amendments being injected under pressure directly into the aquifer through the 

direct push boring. 

 

Chemical Oxidation Process 

 

While the injection/application methods for these two treatment amendments are similar, the 

reagents (and the processes through which they promote contaminant degradation) are very 

different.  Once brought into contact with contaminants, chemical oxidants, such as hydrogen 

peroxide or potassium permanganate, change the structure of contaminants by breaking apart 

their chemical bonds and releasing electrons.  This is accomplished by introducing the oxidant 

to the area of organic contamination, which acts as the electron acceptor in this 

oxidation/reduction reaction.  Organic contaminants with double bonds are most vulnerable to 

this type of reaction, therefore compounds like benzene, toluene, naphthalene, 1,2-
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dicholorethane, and TCE are very amenable to destruction though chemical oxidation.  If 

enough oxidant is applied to these contaminants, the resulting chemical reactions will eventually 

break down the contaminants into compounds commonly found in nature, such as carbon 

dioxide and water.  However, due to the high concentrations of total organic carbon that exist in 

the subsurface soils at the Industri-plex Site from wetland peat deposits, animal hides, etc., a 

significantly larger volume of potassium permanganate may be required to be effective in 

decreasing the chemical contaminants in comparison to an oxidant such as hydrogen peroxide. 

 

Enhanced Bioremediation Process 

 

Several different biological amendments have been developed for the purpose of enhancing the 

contaminant-degrading activity of indigenous microbes.  Bioremediation involves using the 

natural respiration and digestion processes of microorganisms to decrease levels of organic 

contaminants in soil and water.  Generally, the byproducts of bioremediation of petroleum based 

organic contaminants such as benzene and toluene are carbon dioxide, water, and biomass.  

However, This FS will focus on two such proprietary formulations whose function is to affect a 

slow release of oxygen to the aquifer so that it can be used to increase the rate of aerobic 

biodegradation.    

 

Regenesis, Inc. (ORC Advanced™) and Panther Technologies (PermeOx® Plus) have each 

developed proprietary formulations of calcium hydroxide or calcium peroxide that, when 

hydrated, trigger a slow release of oxygen.  This oxygen enhancement provides a subsurface 

environment that is more amenable to aerobic biodegradation of contaminants by indigenous 

microbe communities.  Petroleum hydrocarbons (such as benzene and toluene) are the most 

commonly targeted contaminant for these types of bioremediation enhancing agents.  Different 

formulations are available that are designed to slowly release lactic acid to the aquifer, 

improving conditions for anaerobic degradation and increasing the rate of reductive 

dechlorination of contaminants such as TCE.   A biodegradation by-product of TCE could 

include vinyl chloride. However, vinyl chloride can be further degraded or detoxified to ethene 

through continued biodegradation processes.  A pre-design investigation would be required to 

identify the specific formula or combination of formulas and application requirements to achieve 

the remedial objective. 
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Groundwater Monitoring and Performance Evaluation 

 

The implementation of an active in-situ groundwater treatment technology such as those 

proposed for Alternative GW-4 would also involve an extensive groundwater monitoring plan.  

Quarterly groundwater monitoring would be required upgradient, downgradient, and within the 

treatment areas to evaluate the effectiveness of the technology and assess progress toward 

meeting cleanup goals.  Sampling events would continue quarterly until all remedial objectives 

have been met or until measurements and observations of aquifer conditions suggest that the 

groundwater chemical or biological enhancement reagent has been consumed (most likely 

indicated by lower dissolved oxygen concentrations).   

 

If groundwater monitoring indicates that the chemical or biological treatment reagent is 

consumed before remedial goals are met, then additional application of the treatment reagent 

may be necessary.  The additional injection may only be warranted in certain portions of the 

site, but would involve the same type of capital investment that is made for the initial injection.  

Continued monitoring would be required to evaluate the performance of the process until 

cleanup goals have been achieved throughout the entire contaminated area.   

 

3.3.4.2  In-Situ Treatment of Arsenic-Contaminated Groundwater 

 

Alternative GW-4 utilizes a permeable reactive barrier (PRB) to intercept groundwater as it flows 

toward the HBHA Pond as a means of treating groundwater contaminated with concentrations 

of arsenic that pose potential future risks to human receptors and risks to ecological receptors 

following discharge to the HBHA Pond.  A PRB could be designed to treat the Site COCs so that 

groundwater is prevented from transporting contaminants into surface water and sediment in the 

HBHA Pond.  The following sections discuss some of the components of the PRB design as 

they pertain to the treatment of arsenic-contaminated groundwater that presents human health 

and ecological risks at the Site.   

 

PRB Configurations 

 

PRBs can be constructed using several configurations, each designed to intercept the entire 

volume of contaminated groundwater as it flows through the barrier without allowing 
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contaminated groundwater to pass under or around the barrier.  The two configurations that will 

be considered for this FS are the continuous permeable wall and the funnel and gate. 

 

The first, and most commonly constructed, configuration is the continuous permeable wall.  In 

this configuration, the treatment media is distributed across the entire width of the contaminated 

groundwater plume.  Groundwater flow is not manipulated or redirected, but simply allowed to 

flow in its natural direction at its natural velocity.  If a reactive media with sufficiently high 

permeability is utilized, little or no reduction or redirection of groundwater flow velocity will occur, 

and the barrier does not need to be “keyed” into a low-permeability zone at its base. 

 

A second commonly used configuration is the funnel and gate.  The funnel and gate 

configuration uses low permeability materials (funnel) to direct groundwater towards the 

permeable treatment zone (gate).  The funnel must extend at least to the entire width of the 

groundwater plume to ensure that all of the contaminated groundwater is captured and treated.  

As groundwater is intercepted by the funnel and gate system, the groundwater flow velocity 

through the treatment media may be increased several times.  As a result, the treatment zone 

must be longer than the continuous wall configuration to retain an adequate contact time 

between contaminants and the reactive media.  Redirection of the groundwater flow path by the 

funnels in this system creates the risk that groundwater will flow beneath the barrier and 

continue downgradient untreated.  For this reason, funnel and gate barriers typically extend 

downward into low permeability material to prevent groundwater from passing beneath the 

barrier.  

 

Treatment Media 

 

The most important factor in the design of a PRB is the selection of reactive materials that will 

make up its treatment zone.  Permeable reactive barriers can be constructed using a variety of 

materials, meaning that their use may be appropriate to treat a wide variety of contaminant 

types.  Examples of media that have been used for arsenic removal include zero-valent iron 

(ZVI), limestone, surfactant modified zeolite, and ion exchange resin. 

 

The material used most frequently as treatment media in PRBs is ZVI.  ZVI has very high 

permeability, which enables groundwater to flow through without significantly altering the natural 

groundwater flow path.  As contaminated groundwater flows through and reacts with ZVI, the pH 
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increases and the Eh decreases.  These chemical changes promote a variety of processes that 

impact contaminant concentrations. Increases in pH favor the precipitation of carbonates of 

calcium and iron as well as insoluble metal hydroxides. Decreases in Eh drive reduction of 

metals and metalloids with multiple oxidation states. Finally, an increase in the partial pressure 

of hydrogen in subsurface systems supports the activity of various chemotropic organisms that 

use hydrogen as an energy source, especially sulfate-reducing bacteria and iron-reducing 

bacteria (EPA, 2002). 

 

Arsenate [As (V)] ions bind tightly to the iron filings, causing the ZVI to be oxidized to ferrous 

iron, aerobically or anaerobically in the presence of water, as shown by the following reactions: 

 

•  (anaerobic) Fe0 + 2H2O = Fe+2 + H2 + 2OH- 

•  (aerobic) 2Fe0 + 2H2O + O2 = 2Fe+2 + 4OH- 

 

The process results in a positively charged iron surface that sorbs the arsenate species by 

electrostatic interactions. In systems where dissolved sulfate is reduced to sulfide by sulfate-

reducing bacteria, arsenic may be removed by the precipitation of insoluble arsenic sulfide 

(As2S3) or co-precipitated with iron sulfides (FeS) (EPA, 2002). 

 

ZVI has been used successfully to treat arsenic at several full scale superfund sites showing the 

reduction of arsenic concentrations to as low as 0.2 µg/L (EPA, 2002).  The degree of arsenic 

contamination is dependent upon the contact time of groundwater with the reactive wall 

material.  This contact time is a key design consideration based on aquifer characteristics such 

as flow and wall thickness.  In addition, other competing constituents in groundwater such as 

total organic carbon may reduce the overall effectiveness of the ZVI and there is a potential for 

fouling. A pre-design investigation would be required to thoroughly characterize the site 

geochemistry and assess the performance of ZVI in the site-specific environment. 

 

The current state of PRB technology does not provide a reactive media that can successfully 

remediate groundwater contaminated with benzene and toluene.  These compounds would 

pass through a ZVI PRB without little or no degradation, but will not compromise the barrier’s 

ability to treat other contaminants that are present.  However, under GW-4, the organic 

compounds will be addressed within their respective source areas using other technologies as 

discussed above.  
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Groundwater Monitoring and Performance Evaluation with Institutional Controls 

 

As with any groundwater treatment system, a periodic monitoring program would be required  to 

evaluate the performance of the remedy.  Groundwater sampling for the PRB would likely take 

the form of quarterly samples collected from a series of groundwater wells both upgradient and 

downgradient of the PRB.  As discussed above, Alternative GW-4 would not decrease site-wide 

concentrations of arsenic in groundwater to levels within the target risk range due to the 

widespread presence of metals and organics at the Industri-Plex Site.  This alternative provides 

protection of human health by preventing or controlling potential exposures to contaminated 

groundwater through institutional controls.  Groundwater monitoring would be conducted on a 

periodic basis to provide the regulatory agencies with the appropriate data to determine whether 

additional actions are needed.   

 

3.4   Development of Remedial Alternatives for Sediment 

 

This section provides descriptions of remedial alternatives that would address areas where 

human health risks and hazards in excess of risk management criteria were identified based on 

potential current and future exposures to sediment and areas where unacceptable ecological 

risks were noted.  The sediment areas with unacceptable risks include the following: HBHA 

Pond sediments (HBHA Pond) just south of the Industri-plex Site; Near Shore sediments (NS) 

along the Wells G&H Wetland at sediment sampling stations WH and NT-3 (east side of 

wetlands near former production well H) and stations 13/TT-27 (west side of wetlands near the 

railroad tracks), and along the west-central portion of the Cranberry Bog Conservation Area at 

sediment sampling station CB-03; and Deep Sediments (DS) along the HBHA Wetlands and the 

Wells G&H Wetlands.  The remedial alternatives for these sediments were developed from the 

technologies and process options that were retained in Section 2.4.3.3 of the FS.  The 

descriptions presented below provide a general description of the remedial alternatives that are 

considered for sediment.  The screening of remedial alternatives for sediment is presented in 

Section 3.6.3. 
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3.4.1  Sediment Alternative 1: No Action 

 

The No Action alternative was developed as a baseline case, as required by the NCP, to which 

all other alternatives may be compared.  Under this alternative, it is assumed that no action 

would be taken to reduce the toxicity, mobility, or volume of contaminated sediment at any of 

the sediment locations where human health or ecological risks were identified. 

 

The No Action alternative would not be effective at achieving the human health or environmental 

RAOs for sediment since it would not limit potential human or ecological exposures to 

contaminated sediment, either currently or in the future.  There would be no treatment, 

containment, or removal of sediment that is contaminated with arsenic and other inorganic 

contaminants-of-concern, and future risks to human or ecological receptors would not be 

reduced or eliminated. This alternative would require a review of site conditions and risks every 

5 years since contamination would remain on site above levels that allow for unlimited use and 

unrestricted exposure. 

 

3.4.2  Sediment Alternative 2: Institutional Controls 

 

Sediment Alternative 2 was developed as an alternative that does not involve treatment or 

removal, but provides protection of human health by preventing or controlling potential 

exposures to contaminated sediment through institutional controls.  This alternative would only 

apply to sediment areas estimated to result in human health risks and hazards in excess of risk 

management criteria, specifically the near shore (NS) sediments in the Wells G&H wetland and  

Cranberry Bog Conservation Area, and the deeper sediment (DS) sample locations (sediment 

core sample areas) in the interior portions of the HBHA wetland and the Wells G&H wetland. 

This alternative would not reduce unacceptable ecological risks and therefore would not be 

suitable for the HBHA Pond sediments. 

 

Under this alternative, institutional controls would be implemented to prevent future exposures 

to contaminated sediment in the vicinity of sampling stations where potential human health risks 

and hazards above risk management criteria were identified.  Institutional controls would take 

the form of prohibitions on dredging or excavation in the interior wetland area unless adequate 

precautions (e.g. engineering controls, PPE) were taken to minimize or prevent direct contact 

with contaminated sediment during removal activities.  These types of controls would be 
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designed to address the potential human health risks and hazards that were identified under the 

future dredger scenarios for the HBHA and Wells G&H wetlands. 

 

Institutional controls might also include the installation of a permanent barrier (i.e. chain link 

fence) to prevent human access to contaminated accessible (i.e., shoreline) areas.  By 

preventing access to contaminated accessible sediment, these types of controls might be an 

effective way to mitigate potential human health risks and hazards from recreational contact with 

contamination. 

 

Sediment Alternative 2 does not involve any actions that will reduce the toxicity, mobility, or 

volume of contamination in sediment.  The only on-site activities that would be conducted under 

this alternative are constructing a fence enclosure around the impacted sediment areas and 

periodically reviewing site conditions and risks.  As required by CERCLA, a review of site 

conditions and risks would be conducted every 5 years. 

 

3.4.3  Sediment Alternative 3: Monitoring with Institutional Controls 

 

Sediment Alternative 3 would be identical to Alternative 2 except that environmental monitoring 

would be included.  Semi-annual groundwater, surface water, and sediment samples would be 

collected from the impacted areas to evaluate contaminant status and migration trends.  As 

required by CERCLA, a review of site conditions and risks would be conducted every 5 years. 

 

3.4.4  Sediment Alternative 4: Subaqueous Permeable Cap 

 

Sediment Alternative 4 includes the placement of a subaqueous covering or cap of clean 

material over contaminated sediment that remains in place.  Sediment that is not submerged 

would not be addressed by a subaqueous cap.  Therefore, Sediment Alternative 4 is only 

applicable to the HBHA Pond sediments.    

 

Sediment Alternative 4 must also include a source control element to eliminate potential 

continuing sources of contamination to sediment that might undermine the alternative and/or 

permit downstream migration of contamination.  For the IP MSGRP Study Area, source control 

could take the form of groundwater intercept and treatment upgradient of the HBHA Pond to 

prevent continued discharges of contaminants into surface water and sediment.  Source control 
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actions will be addressed in subsequent sections as remedial alternatives for sediment and 

groundwater, and the implications of implementing combinations of alternatives to achieve 

RAOs will be discussed in Section 4.0. 

 

3.4.4.1  Cap Construction 

 

Subaqueous caps are generally constructed using granular material, such as clean sediment, 

sand, or gravel; but may also include geotextiles, liners, or other permeable elements.  Layered 

subaqueous caps may also include a layer consisting of material that will attenuate the flux of 

contaminants, such as organic carbon, or some type of amendment that will increase the 

chemical or biological activity within the contaminated sediment zone. 

 

While the materials to construct the cap varies, in general the objectives of the subaqueous cap 

are physical isolation of contaminated sediment, stabilization and erosion protection, and 

chemical isolation of contaminated sediment.  Physical isolation of contaminated sediment from 

the aquatic environment is achieved by constructing a cap that is sufficiently thick to resist the 

forces of bioturbation and the ordinary disturbances that are present at the bottom of a surface 

water body.  Sediment stabilization considerations for the design of a subaqueous cap include 

measures to prevent contaminated sediment resuspension and transport, and resistance to 

erosion from river or wave-induced currents.  The chemical isolation component of a cap design 

involves an evaluation of the advective and diffusive processes that might occur within the cap, 

and the extent to which they might enable vertical transport of contaminants through the cap as 

groundwater discharges to sediment. 

 

Several different equipment types and placement techniques may be used to install the 

subaqueous cover.  The main objective of the placement technique will be to minimize bottom 

spread during cover placement so that contaminated sediment is not displaced and mobilized 

into the overlying surface water.  To accomplish this goal, submerged discharge placement 

techniques are more appropriate than surface discharge techniques in areas where surface 

water depth is considerable.  Several submerged discharge techniques are available for 

subaqueous cap placement, including submerged diffusers, which allows radial discharge of 

cover material at low velocity using a hydraulic pipeline or a gravity-fed tremie, consisting of a 

large-diameter conduit through which cover material can be placed.  In shallow water sediment 

areas that will be covered, placement using traditional mechanical techniques (i.e. excavation, 
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clamshell dredge) could be used.  Monitoring sediment resuspension and contaminant releases 

during cap placement would be necessary.  A silt curtain or silt screen could be used to prevent 

downstream migration of sediment that is mobilized by the cover placement process.  

 

Submerged discharge and subaqueous mechanical placement techniques are appropriate 

where submerged sediment is sufficiently stable to allow placement without excessive sediment 

displacement into the overlying water column.  The sediment in the HBHA Pond has very low 

specific gravity, and based on observations of its characteristics at the bottom of the Pond, 

submerged placement of a subaqueous cap is not likely to be feasible.  Another method, which 

would be more suitable to cover sediments of this type would be to temporarily dewater the 

pond so that the cap materials can be placed without the risk of re-suspension and downstream 

migration of contaminated sediments.  

 

The required thickness of the subaqueous cover would need to be determined during the design 

phase of the project, but typically 1 to 3 feet of clean material has been used in previous 

projects where geosynthetics were not used.  The thickness of the cover must be adequate to 

chemically and biologically isolate the contaminated sediment from the aquatic environment that 

will inhabit the waterway after placement of the cover.  The types of variables that will impact 

the design thickness of the cover include the physical and chemical properties of the 

contaminated and cover materials, the potential for bioturbation of the cover by aquatic 

organisms, and the potential for consolidation and erosion of the cover material.  Laboratory 

tests have been developed to determine the thickness of a cover that is required to chemically 

isolate contaminants from the overlying water column.  These tests may be performed in the 

presence of bioturbating organisms so that the impact of the combination of these factors can 

be assessed.  Other physical factors that must be taken into consideration during the design 

process include loss of flood storage and potential loss of open water habitat.  Both of these 

factors would require mitigations if the cap design results in impacts. 

 

3.4.4.2  Operation, Maintenance, and Monitoring 

 

Sediment Alternative 4 would also involve a long-term maintenance and performance 

monitoring program.  The objectives of the program would be to mitigate erosional impacts to 

the cover that might reduce its thickness, to ensure the installed cap remains effective at 

eliminating exposures to underlying sediments, and to monitor the recovery of biota and re-
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colonization of the cap surface by aquatic organisms.  The techniques that would be used to 

achieve these objectives include regular surface water, sediment and groundwater monitoring, 

periodic topographical surveys of the sediment surface and comparison to an as-built survey, 

the collection of surface water samples from the water column overlying the subaqueous cover, 

and chemical and biological monitoring of the cap materials.  As required by CERCLA, a formal 

review of cap conditions and site risks would be conducted every five years to re-evaluate the 

protectiveness of the remedy.  

 

3.4.5  Sediment Alternative 5: Stormwater Bypass, Sediment Retention 
with Partial Dredging and Create an Alternate Habitat 
 

Sediment Alternative 5 was developed as a way to achieve the RAOs by reducing, to the extent 

practicable, the migration of soluble and particulate arsenic during storm events from the HBHA 

Pond to downstream depositional areas and by providing an alternate habitat for impacted 

benthic invertebrates at the HBHA Pond.  This alternative only applies to the HBHA Pond 

sediments.  The alternative objectives would be achieved by the implementation of four major 

components: 1) construction of a storm water bypass from Halls Brook, 2) construction of a 

sediment retention area within the northern section of the HBHA Pond, 3) dredging and 

restoration of contaminated sediments in the southern portion of the HBHA Pond, and 4) 

creating an alternate habitat to mitigate the loss of benthic habitat caused by the construction of 

the  sediment retention area in the northern portion of the HBHA Pond. 

 

Sediment Alternative 5 uses engineering controls to prevent storm flow conditions from 

impacting the HBHA Pond, thereby preventing the resuspension and mobilization of 

contaminated sediment from the Pond to the downstream portions of the Study Area.  At 

present, the HBHA Pond receives influent flow from various sources including Halls Brook, the 

Atlantic Avenue Drainway, a secondary intermittent storm drainage tributary and groundwater 

discharge from the Industri-plex Site.  According to stream flow data that was collected in 2001 

and 2002 from the HBHA Pond outlet, the average flow leaving the HBHA Pond from the outlet 

at the southern end of the pond was 4.21 cubic feet per second (cfs).  During this same time 

period, measurements of stream flows during storm events indicated flow rates up to 9.63 cfs 

(TtNUS, 2005). The major contributor to the increase in flows was from Halls Brook.  The total 

arsenic concentrations discharging from the HBHA Pond were greatest during storm flow 

conditions due to an increase in suspended sediment transport during storm events which 

resulted in an overall increase in the particulate arsenic concentration.   
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In addition, as discussed in greater detail in the MSGRP RI, the primary source of arsenic 

contamination in the HBHA Pond is from groundwater discharges in the northern portion of the 

pond.  Other potential sources include possible erosion of soils from the area between the 

Boston Edison right-of-way and the northern end of the HBHA Pond and from stream sediments 

originating from the New Boston Street Drainway.   There is a chemocline in the HBHA Pond 

that is induced by the difference in specific conductance between oxic surface water provided 

by Halls Brook and the anoxic contaminated groundwater, and steady inputs of oxygen, iron, 

sulfates, and organic carbon.  This chemocline is critical to sustaining geochemical reactions 

that are sequestering arsenic within the pond sediments.  However, sudden increases in flows, 

as seen during storm conditions, mix the water column and break down the chemocline thus 

allowing more arsenic to be “flushed” downstream.  In short, baseflow inputs of surface water 

from Halls Brook are necessary to effectively sequester arsenic within the northern portions of 

the HBHA Pond while flows associated with storm events break down the chemocline and allow 

increased discharges of arsenic from the pond to downstream areas. 

 

3.4.5.1  Storm Water Bypass 

 

A storm water bypass system would be constructed under this alternative to allow baseflow 

contributions of surface water from Halls Brook to continue to discharge to the newly created 

sediment retention area in the northern portion of the HBHA Pond, while diverting storm flow 

from Halls Brook to the southern portion of the HBHA Pond, away form the sediment retention 

area.  This would be accomplished through the installation of a storm water diversion structure 

at the location where Halls Brook (which contributes more than half of the total flow entering the 

pond) flows into the HBHA Pond.  This storm water diversion structure would consist of a weir 

designed to limit the flow of water entering the HBHA Pond from Halls Brook during storm 

events.  Stormwater that accumulates behind the weir would be diverted to a storm water 

bypass discharge structure, which would discharge storm flow from Halls Brook downstream of 

a low-head cofferdam (see Sediment Retention Area below).   

 

3.4.5.2  Sediment Retention Area at Northern Portion of the HBHA Pond 

 

Under Sediment Alternative 5, the HBHA Pond would be laterally divided into three sections at a 

point immediately downstream of the mouth of Halls Brook by a combination of two low-head 
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cofferdams constructed of driven inter-locked sheet piling. The primary low-head cofferdam 

would serve to reduce flows and encourage sedimentation within the northern portion of the 

HBHA Pond. Sedimentation in the northern portion would also be enhanced by flow diversions 

and silt curtains.  

 

Studies have shown that arsenic could be controlled within the northern portion of the pond 

where contaminated groundwater is principally discharging.  Sediment Alternative 5 features a 

sediment retention system that would be designed to decrease the migration of soluble and 

particulate arsenic through sediment resuspension and downstream deposition.  The sediment 

retention system would include several measures that, in combination, could achieve significant 

reductions in the rate of sediment resuspension during high flows and contain suspended 

sediment before it migrates downstream.  This system would be most applicable to the HBHA 

Pond, where extensive research has indicated a pattern of sediment transport due to high 

volume storm flow events.   

 

The first feature of the sediment retention system would include the stabilization of the various 

inlet channels that provide flow to the HBHA Pond.  The Atlantic Avenue Drainway, New Boston 

Street Drainway, which flows into Halls Brook, and Halls Brook are the major influent sources to 

the HBHA Pond.  The channels through which surface water enters the HBHA Pond would be 

stabilized with rip rap or through the construction headwalls to reduce erosion of the stream 

channels into the Pond.  

 

A second measure of the sediment retention system that would be taken to reduce the 

resuspension of contaminated sediment in HBHA Pond is the use of flow diversion mechanisms 

to reduce flow velocity at these inlets and minimize the impacts to the chemocline.  Flow 

deflection would be accomplished through the use of gabion walls, concrete berms, or earthen 

dams installed at the inlet of each drainway to direct influent surface water upstream in a 

manner that reduces its ability to retain suspended sediment.   

 

Flow velocity mitigation would also be performed within the HBHA Pond under this alternative.  

At present, surface water in the HBHA Pond flows without physical obstruction toward the south 

and discharges into the Halls Brook Holding Area wetlands.  Sediment Alternative 5 would 

involve the installation of velocity-reducing features within the HBHA Pond, which would act as 

the primary mechanism for the sediment retention characteristics of the alternative.  Flow 



  DRAFT FINAL  
 

RI051270DF 3-31 Tetra Tech NUS, Inc. 

control in the HBHA Pond would be accomplished through the construction of baffles/flow 

deflectors or installation of floating silt curtains around which surface water flow would be 

directed, resulting in a lower flow velocities as surface water moves toward the southern end of 

the pond.  By decreasing flow velocity in the HBHA Pond, the ability for sediment particles to 

remain suspended in surface water is reduced. 

 

The most significant sediment retention feature included in this alternative would be the 

construction of a dual low-head cofferdam system starting at the approximate location of the 

mouth of the Halls Brook and continuing west across the HBHA Pond, generally dividing the 

pond into a northern and southern sections with the northern portion serving as the sediment 

retention and secondary polishing area.   The cofferdams would be constructed of driven 

interlocking sheet piles, installed to an elevation of approximately 6 to 12 inches above the 

water elevation on the downstream side.  The low-head cofferdams would retain water from the 

northern side and would allow surface water to pass over the top into the secondary cofferdam 

treatment area.  The base of the cofferdam would be protected with either concrete or rip rap to 

serve as an energy dissipater to prevent erosion which could potentially undermine the sheet 

pile.   

 

The objective of the low-head cofferdam would be to reduce surface water flows - especially 

from storm events, maintain the chemocline, and allow the sedimentation of suspended solids 

within the northern portion of the HBHA Pond (sediment retention area).  As flow velocity is 

reduced when surface water flow approaches the dam, sediment will begin to settle out of the 

water column and accumulate at the base of the dam or other quiescent portions of the pond 

(e.g. at silt curtain areas), as well as diffusion from accumulated sediments and subsequent 

chemocline precipitation.  The cofferdam would be constructed in a manner that would enable 

temporary storage of a considerable volume of sediment equal to approximately 2,000 cubic 

yards of in-place sediment per vertical foot.  Periodically, the sediment retention area would 

require dredging in order to maintain sufficient water depth to sustain the chemocline. 

 

The secondary cofferdam would be constructed similar to the primary cofferdam using 

interlocked sheet piling.  This secondary area would serve as a polishing treatment zone using 

aeration to further encourage precipitation of dissolved arsenic and would further improve water 

quality by increasing dissolved oxygen. This secondary cofferdam area would also serve as a 

backup or buffer in the event high flows or unforeseen circumstances cause excessive arsenic 
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loading to pass through the first cofferdam. Periodically, the secondary sediment retention area 

may also require dredging. 

 

3.4.5.3  Partial Dredging and Restoration at Southern Portion of the HBHA Pond 

 

This alternative also requires that contaminated sediments in the southern portion of the HBHA 

Pond, which would be downstream of the low-head cofferdam, be dredged and restored to 

prevent further re-suspension and migration and protect aquatic life/ benthic invertebrates.  

Studies conducted by EPA indicate that the contaminated sediments in southern portion of the 

pond are the result of dissolution and migration of contaminated sediments from upstream 

sources rather than from direct groundwater discharges. Specific details about dredging 

activities and the handling, processing, and offsite disposal of contaminated sediment are 

discussed in Sediment Alternative 6 in the following section with the exception that the dredging 

for Alternative 5 only applies to the southern portion of the pond (i.e. downstream of the 

northernmost low-head cofferdam). 

 

3.4.5.4  Providing and Alternate Habitat 

 

To mitigate the loss of wetland habitat resulting from the creation of the sediment retention area 

in the northern portion of the HBHA Pond, a compensatory wetland would be constructed at a 

suitable location within the watershed.  A wetland survey would be performed in reference 

background areas to characterize species and population inventories of similar habitats within 

the watershed.  This survey would serve as the design basis for the created wetland.  The 

wetland would be representative of the habitat lost including replacement of flora and fauna.  

Once designed, the wetland would be constructed.  Periodic monitoring and maintenance of the 

wetland would also be required to remove invasive species during the period that the wetland 

plants become established and to monitor the re-population of aquatic organism.   

 

If properly designed and constructed, Sediment Alternative 5 could achieve all RAOs for the 

Southern Portion of HBHA Pond and may assist in the achievement of RAOs for areas located 

downstream by reducing the continuing source of sediment contamination that is impacting the 

downstream portions of the Site.   
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3.4.5.5  Operations, Maintenance, and Monitoring 

 

Sediment Alternative 5 would also involve a long-term maintenance and performance 

monitoring program.  The primary objective of the program would be to mitigate sedimentation 

impacts within the northern portion of the HBHA Pond that, due to the low-head cofferdam and 

diversion of storm water flow, would eventually accumulate sediments thus reducing the pond 

depth to an extent that the pond may no longer be able to sustain the chemocline.  The 

techniques that would be used to achieve these objectives include regular surface water 

monitoring of the chemocline/retention pond, periodic bathymetric surveys of the sediment 

surface and comparison to an as-built survey, and periodic dredging to maintain the as-built 

conditions.    

 

Also, periodic surface water and sediment monitoring would be performed downstream of the 

low-head cofferdam to evaluate performance of the alternative, as well as periodic groundwater 

monitoring (upgradient and downgradient of the cofferdam).  As required by CERCLA, a formal 

review of the pond and dam conditions and site risks would be conducted every five years to re-

evaluate the protectiveness of the remedy. 

 

3.4.6  Sediment Alternative 6: Removal and Off-Site Disposal 

 

Sediment Alternative 6 features the removal (through mechanical excavation or hydraulic 

dredging) and off-site disposal of contaminated sediment.  Excavated/dredged material would 

be transported and disposed at an off-site disposal facility.  Sediment Alternative 6 would 

eliminate exposure routes to human and ecological receptors by removing contaminated 

sediment from one or all of the impacted areas.   

 

Similar to other sediment alternatives, Sediment Alternative 6 must also include a source control 

element to eliminate potential continuing sources of contamination to sediment that might 

undermine the alternative and/or downstream migration.  For the IP MSGRP Study Area, source 

control could take the form of groundwater intercept and treatment upgradient of the HBHA 

Pond to prevent continued discharges of contaminants into surface water and sediment.  

Source control actions will be addressed in subsequent sections as remedial alternatives for 

sediment and groundwater, and the implications of implementing combinations of alternatives to 

achieve RAOs will be discussed in Section 4.0. 
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3.4.6.1  Site Preparation 

 

As mobilization of personnel, equipment, and materials to the Site commences, site preparation 

activities would be implemented to prepare for the subsequent excavation/dredging activities.  

Clearing and grubbing of site vegetation and obstructions would be performed to facilitate 

access to work areas, where necessary.  Brush and trees would be cleared, chipped, and 

stockpiled at an on-site location for subsequent use as mulch or ground cover.   

 

Haul roads would be constructed where necessary to facilitate access to the removal areas for 

dredging equipment and trucks.  Sediment staging areas would be constructed so that dredged 

material could be temporarily stored prior to pre-treatment or disposal without impacting the 

environment.  Silt fence, silt screen, or another containment system would be established during 

site preparation so that sediment that is resuspended during removal does not migrate.  Sheet 

piles, cofferdams, or earthen dams might be constructed prior to excavation where localized 

dewatering would be beneficial to the sediment removal process.   

 

Decontamination facilities, such as those described in Section 3.2.3.1, would be constructed 

adjacent to the sediment removal areas to prevent the transport of contaminated sediment onto 

dry land or roadways.   

 

3.4.6.2  Sediment Removal 

 

The sediment removal effort would encompass the entire HBHA Pond where concentrations of 

arsenic or other contaminants were detected at levels that pose unacceptable ecological risks 

and exceed the established PRGs.  The sediment removal effort would also include the deeper 

sediment (DS) areas surrounding sediment core locations SC02, SC05, SC06, and SC08, and 

near shore (NS) sediment areas within the Wells G&H wetland and Cranberry Bog Conservation 

Area, which were associated with human health risks and hazards above risk management 

criteria.  These locations are depicted on Figures 2-5a through 2-5d.   

 

A preliminary removal area would be established around the sediment samples that exceeded 

the PRG and continued to the next sample location that exhibited arsenic concentrations below 

the PRG.  Sediment removal would be conducted using the appropriate removal technology.  
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Areas of contaminated sediment that are accessible to conventional excavation equipment and 

that are not submerged beneath more than 1 foot of water (or can be easily dewatered to 

enable excavation of a “dry” sediment surface) will be excavated using a track-mounted 

hydraulic excavator.  Areas of deeper submerged sediment would be removed using hydraulic 

dredging equipment.  Sediment would be staged on site to be dewatered, loaded into trucks, 

transported to a central stockpile area, and eventually shipped off site for treatment (if 

necessary to comply with disposal regulations) and disposal. 

 

3.4.6.3  Site Restoration and Wetlands Mitigation 

 

Prior to the commencement of any construction activities, a wetland survey would be performed 

to document the existing conditions of the wetland and proposed locations of haul roads, 

equipment laydown areas or other support areas.  All wetland areas impacted by construction 

activities would be reestablished to pre-construction conditions.  Wetland areas impacted by 

dredging and sediment removal would be restored to match the surrounding wetland habitats 

including sediment substrate composition and plant species, with the exception of areas 

dominated by invasive species.  In these locations, wetland restoration would attempt to 

improve wetland habitat and promote the development of an improved wetland plant 

community.   

 

3.4.6.4  Waste Characterization and Off-Site Disposal 

 

Excavated or dredged sediment would be transported to a dewatering area where free liquids 

would be allowed to drain to a collection point.  This water would be collected and analyzed to 

evaluate onsite and offsite disposal options.  The sediment may also require additional 

stabilization (e.g. solidification) to meet disposal requirements.  The stockpiled sediment would 

ultimately be transported to an off-site disposal facility.  Based on the anticipated concentration 

of arsenic in sediment that will be removed, it is assumed that excavated material will be 

suitable for disposal at a Subtitle C solid waste landfill.  In order to confirm the appropriate 

disposal requirements for excavated sediment, waste characterization samples (as required by 

the disposal facility) will be collected from stockpiled dewatered sediment.  Sediment would be 

transported to out-of-town treatment and/or disposal facilities using dump trailers with an 

approximate 20 cubic yard capacity (80,000 pound gross vehicle weight).   
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3.4.7  Sediment Alternative 7: Removal, Treatment, and On-Site Reuse 

 

Sediment Alternative 7 is similar to Sediment Alternative 6 in that contaminated sediment in the 

areas identified as associated with human health risks and hazards or ecological risks would be 

excavated or dredged to the extent that the remaining material meets all of the PRGs.  The only 

difference between the two alternatives is the treatment of excavated or dredged material once 

it is removed from the wetland.  Sediment Alternative 7 would employ a treatment process (acid 

extraction) designed to remove arsenic from sediments by mixing it in a batch reactor with acids 

as described in Soil Alternative 5 above. 

 

Sediment treatment would occur at a specially designed and constructed treatment area that 

would be sited within the boundaries of the study area.  A description of the treatment process is 

provided in Section 3.2.5.2 of this FS.  The primary difference between the treatment of 

sediment versus the treatment of soil is the degree of pre-treatment that is required in order to 

effectively handle the material.  Contaminated sediment must be adequately dewatered prior to 

handling and treatment.  Once treated, the sediments will have less organic material and could 

be re-used as wetland backfill, but would be most suitable for the lower substrate layers.   

 

Similar to other sediment alternatives, Sediment Alternative 7 must also include a source control 

element to eliminate potential continuing sources of contamination to sediment that might 

undermine the alternative and/or downstream migration.  For the IP MSGRP Study Area, source 

control could take the form of groundwater intercept and treatment upgradient of the HBHA 

Pond to prevent continued discharges of contaminants into surface water and sediment.  

Source control actions will be addressed in subsequent sections as remedial alternatives for 

sediment and groundwater, and the implications of implementing combinations of alternatives to 

achieve RAOs will be discussed in Section 4.0, when site-wide remedial strategies will be 

evaluated. 

 

3.5  Development of Remedial Alternatives for Surface Water 

 

This section provides descriptions of remedial alternatives that would address areas where 

there are unacceptable ecological risks to aquatic organisms exposed to elevated 

concentrations of arsenic and benzene in deeper portions of the HBHA Pond surface water 

resulting from contaminated groundwater discharges.  No human health risks or hazards were 
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identified as a result of exposure to surface water.   However, surface water has been shown to 

be the principal transport mechanism for both soluble and particulate forms of arsenic 

associated with suspended solids and migration to downstream depositional areas. These 

alternatives were developed from the technologies and process options that were retained in 

Section 2.4.3.4.  The descriptions presented below provide a general description of the remedial 

alternatives that are considered for surface water.  The screening of remedial alternatives for 

surface water is presented in Section 3.6.4. 

 

3.5.1  Surface Water Alternative 1: No Action 

 

The No Action alternative was developed as a baseline case, as required by the NCP, to which 

all other alternatives may be compared.  Under this alternative, it is assumed that no action 

would be taken to reduce the toxicity, migration, or volume of contaminated surface water within 

the deeper portions of the HBHA Pond where unacceptable ecological risks were identified due 

to arsenic and benzene contamination. 

 

The No Action alternative would not be effective at achieving the environmental RAOs for 

surface water since it would not limit potential exposures of aquatic organisms to contaminated 

surface water, either currently or in the future.  There would be no treatment, containment, or 

removal of the surface water that is contaminated with arsenic and benzene and future risks to 

ecological receptors would not be eliminated. This alternative would require a review of site 

conditions and risks every 5 years since contamination would remain on site above levels that 

allow for unlimited use and unrestricted exposure. 

 

3.5.2  Surface Water Alternative 2: Monitoring 

 

Surface Water Alternative 2 was developed as a limited action alternative that involves no active 

treatment.   Monitoring would be conducted on a periodic basis to provide the regulatory 

agencies with the appropriate data to determine whether additional actions are needed. The 

activities that would be conducted under this alternative include:  long-term monitoring of 

groundwater, surface water, sediments and evaluation of the impacts to the benthic community 

through toxicity tests to evaluate contaminant status and ecological impacts; and a review of site 

conditions and risks every 5 years.   
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3.5.3  Surface Water Alternative 3: Monitoring and Providing Alternate Habitat 

 

Surface Water Alternative 3 is a limited action alternative that is identical to Alternative 2 except 

that it includes provisions for the development of an alternate habitat to compensate for the 

impacted portions of the HBHA Pond.  This alternative would involve no active treatment except 

what may naturally occur through the chemical and biodegradation processes that may 

eventually reduce the source of organic groundwater, although inorganic groundwater 

contamination would persist, and provides for mitigation of lost wetland habitat by the 

construction of an alternate wetland habitat.  The activities that would be conducted under this 

alternative include:  long-term monitoring of groundwater, surface water, and sediments to 

evaluate contaminant status and migration; construction of a comparable wetland and a review 

of site conditions and risks every 5 years.   

 

Surface Water Alternative 3 would involve long-term monitoring of environmental media and 

periodic reviews of site conditions and risks.  Regular groundwater, surface water, and sediment 

samples would be collected to evaluate contaminant status and migration trends.  As required 

by CERCLA, a formal review of site conditions and risks would be conducted every 5 years 

since contamination would remain on-site above levels which allow for unrestricted use and 

unlimited exposure. 

 

Naturally occurring processes that reduce the concentrations of organics can extend for a very 

long time.  In order to compensate for the loss of the aquatic habitat during this time, a similar 

wetland would be constructed.  A wetland survey would be performed in reference background 

areas to characterize species and population inventories of similar habitats within the 

watershed.  This survey would serve as the design basis for the created wetland.  Once 

designed, the wetland would be constructed.  More intensive monitoring would be required 

during the first few years as the wetland vegetation and benthic invertebrate communities 

become established. 

 

Alternative 3 would not in itself minimize exposure or impacts to deep contaminated surface 

water in the HBHA Pond, but would attempt to offset those impacts by providing an alternate 

habitat in order to maintain a similar benthic community inventory for the watershed. 
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Monitoring would be conducted on a periodic basis to provide the regulatory agencies with the 

appropriate data to determine whether additional actions are needed and to evaluate the overall 

health and progress in establishing the created wetland.  Since the progress of contaminant 

reduction would be slow, short-term impacts of contamination to surface water bodies at the 

HBHA Pond would be virtually unchanged from current conditions. 

 

3.6  Screening of Remedial Alternatives 

 

This section presents the screening of remedial alternatives for soil, groundwater, and sediment.  

The alternatives screening was conducted in accordance with the Interim Final Guidance for 

Conducting Remedial Investigations and Feasibility Studies Under CERCLA (EPA, October 

1988).  The purpose of the alternatives screening is to further refine the list of potential 

alternatives prior to performing the detailed analyses and to help tailor the detailed analysis of 

alternatives to the areas that must be addressed by the FS. 

 

The EPA guidance expresses a preference for preserving the range of treatment and 

containment technologies that are initially developed although, this is not necessary if all 

alternatives in a portion of the range do not represent distinct viable alternatives.  The 

alternative screening conducted below retains containment and treatment alternatives for the 

detailed analysis to the extent that their technical implementability is reasonable to address 

threats in a specific medium or area of the site.  

 

Tables 3-1, 3-2, 3-3, and 3-4 present the screening of remedial alternatives for soil, 

groundwater, sediment, and surface water respectively.  The results of the alternative screening 

are summarized briefly by medium below, and the alternatives that were retained for the 

detailed analyses are presented. 

 

3.6.1  Screening of Remedial Alternatives for Soil 

 

Table 3-1 presents the screening of soil remedial alternatives.  This evaluation considers the 

effectiveness, implementability, and cost of implementing each alternative to address human 

health risks and hazards associated with arsenic contamination in soil.  The two 

receptor/exposure scenarios that must be addressed by soil remedial actions for the FS include 
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future exposure by a day care child with surface and subsurface soils and future exposure by an 

excavation worker to subsurface soils, both within the former Mishawum Lake bed area. 

 

Effectiveness 

 

Each of the soil alternatives (other than No Action) was considered effective at protecting 

human health in the long term.  Long-term protection of human health would be achieved by 

Alternative 2 (Monitoring and Institutional Controls) through the imposition of restrictions on 

activities within the risk areas (Figures 2-3a and 2-3b) that might enable future exposures to 

contaminants in soil.  Alternative 3 (Permeable Cover with Institutional Controls) would offer a 

slightly greater level of protection by removing 1.5 feet of surface soil and placing a permeable 

cover over contaminated areas.  However, since contaminated soil with concentrations of 

arsenic exceeding remediation goals would be left in place, institutional controls such as those 

required for Alternative 2 would still be necessary to ensure long-term protection of human 

health. 

 

Soil Alternative 4 (Excavation and Off-Site Disposal) and Alternative 5 (Excavation, Treatment, 

and On-Site Reuse) would achieve remediation goals by removing the entire volume of soil with 

concentrations of arsenic that exceed its remediation goal and replacing it with soil that meets 

the remediation goals.  As such, each of these alternatives would be protective of human health 

in the long term. 

 

The five soil alternatives were also evaluated based on their ability to protect human health and 

the environment in the short term.  Short-term effectiveness is defined as the ability of an 

alternative to prevent impacts to human health and the environment during the construction and 

implementation phase.  The No Action alternative and Monitoring with Institutional Controls 

were evaluated to be very effective in the short term, since no on-site construction would be 

required for their implementation.  Permeable Cover with Institutional Controls would involve the 

excavation of soil throughout a large area, but to a shallow (1.5 feet below ground surface) 

depth.  Conventional engineering controls such as dust control, equipment decontamination, 

and personal protective equipment could be used to mitigate any potential short-term exposures 

to contaminants by workers or the community so that the short-term effectiveness of this 

alternative would be very high. 
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Soil Alternatives 4 and 5 involve more extensive excavation activities over a much larger area 

and to a greater depth than Soil Alternative 3.  For this reason, the potential for short-term 

impacts to human health are greater.  Engineering controls would be utilized to minimize 

releases of contamination that might impact workers or the community, but the large volume of 

contaminated soil that would need to be handled to implement these alternatives would provide 

sufficient risk to short-term impacts that the short-term effectiveness was determined to be 

moderate. 

 

Implementability 

 

The implementability criteria that were evaluated in the alternatives screening included technical 

feasibility and administrative feasibility.  The technical feasibility evaluation includes an 

assessment of the ability to construct, reliably operate, and meet technology-specific regulations 

for process options until the remedial action is complete.  This evaluation also includes as 

assessment of the operations and maintenance of the alternative.  Administrative feasibility 

refers to obtain approvals from other offices or agencies, and the availability of treatment, 

storage, and disposal facilities that would be required for the alternative. 

 

For both surface and subsurface soils, Monitoring with Institutional Controls was considered 

easily implementable and very likely to reliably meet RAOs.  The Permeable Cover with 

Institutional Controls, while also likely to meet RAOs, was determined to be much more difficult 

to construct because of the short-term impacts that would be encountered during construction in 

a developed area occupied by several active businesses.  

 

The implementability evaluation for Soil Alternatives 4 and 5 was considerably different for 

surface soil than for subsurface soil, due mostly to the fact that surface soils are much more 

accessible to excavation equipment.  Alternatives 4 and 5, which involve excavation of the 

entire volume of soil exceeding remediation goals, were considered to be very difficult to 

implement for surface soils and technically infeasible for subsurface soils based on the soil 

volumes and areas that would be impacted.  To further complicate the implementability of these 

alternatives, the remediation area is heavily developed and commercialized such that 

excavations would involve the temporary relocation of an extensive network of underground 

utilities and would have significant short-term impacts on the local business community.  Soil 

Alternatives 4 and 5 were retained for evaluation for surface soils to provide a cost comparison 
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with Alternatives 1, 2, and 3 based on limited technical feasibility, but eliminated from 

consideration for subsurface soils based on technical infeasibility. 

 

Cost 

 

The cost evaluation that was performed for the alternatives screening included a qualitative 

analysis of relative costs between the five alternatives.  Capital costs for No Action and 

Monitoring with Institutional Controls were considered to be low, since these alternatives would 

involve no on-site actions or very few actions.  The Permeable Cover with Institutional Controls 

would involve moderate capital costs associated with the 1.5-foot interval excavation and off-site 

disposal of this soil at a RCRA hazardous waste landfill.  Excavation and Off-Site Disposal and 

Excavation, Treatment, and On-Site Reuse were given high capital cost assessments based on 

the large volume of soil that would need to be excavated and either treated or disposed to 

achieve RAOs. 

 

Relative operations and maintenance costs were considered high for Monitoring with 

Institutional Controls and Permeable Cover with Institutional Controls since soil with arsenic 

concentrations that exceed risk-based remediation goals would be left on site and periodic 

inspections and evaluations of the remedy’s effectiveness would need to be made.  Alternatives 

4 and 5, which involve the complete removal of soil containing arsenic in excess of remediation 

goals, would incur low operations and maintenance costs. 

 

3.6.2  Screening of Remedial Alternatives for Groundwater 

 

Table 3-2 presents the screening of groundwater remedial alternatives.  This evaluation 

considers the effectiveness, implementability, and cost of implementing each alternative to 

address human health risks and hazards and/or ecological risks associated with contaminated 

groundwater.  The selection of groundwater remedial alternatives for the detailed analysis is 

summarized on Table 3-6. 

 

Effectiveness 

 

As stated in Sections 1.0 and 2.0, the treatment of Site-wide groundwater to achieve the 

preliminary remediation goals is considered technically infeasible and impractical.  
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Consequently, remedial alternatives for groundwater focus on the management of contaminant 

migration and the prevention of exposure rather than treatment to achieve remediation goals 

throughout the entire groundwater risk area.  As such, the ability of each alternative (other than 

No Action) to protect human health in the long term would be dependent upon institutional 

controls placed on properties located within the contaminated groundwater plume to prohibit 

groundwater uses that might result in harmful exposures to contaminants.  Therefore the ability 

of each alternative to protect human health in the long term was considered equivalent. 

 

Although there were no unacceptable ecological risks due to exposures to Site groundwater, 

contaminated groundwater that is allowed to discharge to the HBHA Pond is known to 

contribute to ecological risks to benthic communities in the Pond due to exposure to 

contaminated surface water.  Therefore, the evaluation of environmental protection considered 

the ability of the alternative to prevent contaminated groundwater discharges to the Pond.  

Alternative 2 (Pond Intercept with Institutional Controls) would permit untreated groundwater to 

discharge to the Pond, and was therefore determined to be less protective to the environment 

than Alternatives 3 and 4.   

 

The short term effectiveness of the No Action alternative and Pond Intercept with Institutional 

Controls were evaluated to be very high since there would be no construction activities 

associated with their implementation.  Alternative 3 (Plume Intercept by Groundwater Extraction, 

Treatment, and Discharge) and Alternative 4 (Plume Intercept by In-Situ Groundwater 

Treatment) were evaluated to be moderate to high in short-term effectiveness.  While there 

would be little to no risk of exposure to contaminant by workers or the community during 

construction (these could be prevented using conventional engineering controls), they would 

involve relatively extensive construction activities during which subsurface soils and 

groundwater would become more accessible to human receptors. 

 

Alternatives 3 and 4 would reduce the toxicity, mobility, and volume of contaminants in 

groundwater through traditional treatment methods, although contaminant levels would not be 

expected to reach remediation goals in the foreseeable future.  Alternative 2 does not use 

treatment to reduce the toxicity, mobility, or volume of contaminants in groundwater, instead 

allowing them to migrate into the northern portion of the HBHA Pond.  
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Implementability 

 

All of the groundwater alternatives were considered to be technically feasible (i.e. constructible), 

although there is some uncertainty as to the reliability of a permeable reactive barrier given the 

groundwater geochemistry at the Site.  The reliability of Alternative 2 (Pond Intercept with 

Institutional Controls) during the operations and maintenance phase would be dependent upon 

implementation of a Pond remedy that includes sediment retention so that contaminants that 

discharge to the Pond are not mobilized to downstream depositional areas.  All of the 

groundwater alternatives were determined to be feasible from an administrative standpoint. 

 

Cost 

 

Capital costs to implement each of the groundwater alternatives were evaluated qualitatively in 

comparison to the other groundwater alternatives.  There would be no capital costs associate 

with the No Action alternative since no construction or legal costs would be incurred.  Pond 

Intercept with Institutional Controls was evaluated to be low in cost relative to the other 

alternatives, since the only capital costs would be legal fees required to draft and implement 

institutional controls.  Alternatives 3 and 4 would be relatively high in capital costs, since they 

would involve extensive construction, startup, and testing activities. 

 

Operations and maintenance costs for Alternative 2 would be low relative to the other 

groundwater alternatives, consisting solely of periodic inspections to verify the effectiveness of 

institutional controls and a periodic groundwater monitoring program.  Alternative 3 (Plume 

Intercept by Groundwater Extraction) would involve these same activities plus day-to-day 

operations and maintenance of the groundwater extraction system, an extensive process 

monitoring schedule that would involve high analytical costs, and repair/replacement costs for 

mechanical or electrical components that are required to operate the groundwater extraction 

system effectively.  Operations and maintenance costs for Alternative 4 (Plume Intercept by In-

Situ Treatment) would involve verification of institutional controls, groundwater monitoring, and 

in-situ treatment process monitoring; as well as potential treatment media changeout costs if the 

permeable reactive barrier reaches breakthrough and no longer retains sufficient binding sites to 

effectively treat groundwater. 
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3.6.3  Screening of Remedial Alternatives for Sediment 

 

Table 3-3 presents the screening of remedial alternatives for sediment.  This evaluation 

considers the effectiveness, implementability, and cost of implementing each of the seven 

sediment alternatives to address human health risks and hazards and/or ecological risks 

associated with contaminated sediments. 

 

The screening and selection of sediment remedial alternatives for the detailed analysis was 

performed separately by receptor and geographical area so that remedial alternatives could be 

developed to specifically address each of the RAOs that were developed for sediment and so 

that alternatives could be developed that were appropriate for the setting where the sediments 

were located (i.e. shallow sediments near the shore of a wetland versus sediments at the 

bottom of a pond).  This approach will enable the detailed analysis of remedial alternatives that 

are appropriate to address the range of exposure scenarios that were identified by the baseline 

risk assessments without evaluating remedial alternatives that are not practical to address risks 

in certain areas of the site.   

Alternative screening and selection for detailed analysis addressed the RAOs that were 

developed for each of the following receptors and site areas: 

  

•  “Shoreline” sediment or “near shore” (NS) sediments that are accessible to future 

recreational receptors; the areas that will be addressed by these alternatives include 

sampling stations located within the Wells G&H Wetland (WH, 13/TT-27, NT-3) and 

Cranberry Bog Conservation Area (CB-03). 

 

•  Sediment cores or “deep sediments” (DS) that are accessible to future dredging workers; 

the areas that will be addressed by these alternatives include interior portions of the 

HBHA wetlands (SC02) and interior portions of the Wells G&H wetland (SC05, SC06, 

and SC08). 

 

•  HBHA Pond sediment (HBHA Pond); these alternatives will address ecological risks 

related to contamination in sediment within the HBHA Pond. 
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3.6.3.1  Screening of Alternatives for Near Shore Sediments (NS) 

 

The alternatives that were evaluated to address risks identified from potential future exposures 

to near-shore sediments included No Action, Institutional Controls, Monitoring with Institutional 

Controls, Subaqueous Cap, Removal and Offsite Disposal, and Removal, Treatment and On-

site Reuse.  This section provides a summary of the alternatives screening evaluation for near-

shore sediments. 

 

Effectiveness 

 

The effectiveness evaluation for near-shore sediments focused primary on long-term protection 

of human health, since future recreational users were the receptors for which unacceptable risks 

were identified.  The No Action alternative would not be protective of human health in the long 

term, since no actions would be taken to prevent future exposures to contaminated near-shore 

sediment.  Institutional Controls and Monitoring with Institutional Controls would provide human 

health protection through the use of deed restrictions or physical barriers to prevent activities 

that might result in future exposures to contaminated sediment.  These alternatives were 

determined to provide moderate protection to human health due to the fact that contaminated 

sediments are located at the edge of the wetlands, in locations that are relatively easy to 

access, and the enforcement of institutional controls would be an uncertainty that might impact 

the long-term effectiveness of these alternatives. 

 

The Subaqueous Cap was evaluated to be an ineffective alternative to address near-shore 

sediments.  Much of the near-shore sediment areas that would be addressed by remedial 

actions are either located in shallow water or not submerged beneath surface water.  The 

placement of a cap over these sediments would not only be impractical, but also would improve 

the accessibility to sediments in the interior portions of the wetlands, potentially creating 

additional human health risks.  For these reasons, the subaqueous cap was not retained for 

consideration in the detailed analysis of near-shore sediment alternatives. 

 

Removal and Off-Site Disposal and Removal, Treatment, and On-Site Reuse of sediment would 

protect human health in the long term through the removal of sediment with contaminants 

exceeding their remediation goal and replacement of this sediment with clean material (either 
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from an off-site source or treated sediment).  These alternatives would also include wetland re-

creation in the areas impacted by the excavation, therefore providing a high level of long-term 

environmental protection despite the short-term impacts to the environment that would result 

from excavation of sediment in the wetland. 

 

Short-term effectiveness of No Action, Institutional Controls, and Monitoring with Institutional 

Controls would be very high since no construction activities would be conducted, therefore there 

would be no potential for human health or environmental impacts.  Removal and Off-Site 

Disposal and Removal, Treatment, and On-Site Reuse were rated moderate for short-term 

effectiveness, since excavation in the wetland would have heavy impacts on wetland areas and 

removal of contaminated sediment would create the potential for human contact with 

contaminants.  Each of these alternatives would utilize engineering controls to prevent 

unacceptable short-term exposures that might impact the health of workers or the community, 

and wetland re-creation to mitigate the short-term environmental impacts that would be incurred 

during implementation. 

 

No Action, Institutional Controls, and Monitoring with Institutional Controls would not achieve 

any reduction in the toxicity, mobility, or volume of contaminants through treatment.  Removal 

and Off-Site Disposal would not reduce the toxicity, mobility, or volume of contaminants in 

sediment, but would include the treatment of dewatering liquids that are generated and would  

remove dissolved or suspended contaminants.  Removal, Treatment, and On-Site Reuse would 

utilize a treatment technology to reduce the toxicity, mobility, and volume of contaminants in 

sediment in addition to treating dewatering effluent to remove contaminants. 

 

Implementability 

 

No Action, Institutional Controls, Monitoring with Institutional Controls, and Removal and Off-

Site Disposal were evaluated to be technically feasible.  Each of these alternatives (with the 

exception of No Action) was also determined to be potentially reliable to achieve RAOs during 

both the implementation and operations and maintenance phases of the remedial action.  

Removal, Treatment, and On-Site Reuse was screened out for near-shore sediments based on 

the uncertainty associated with the reliability of treatment methods to achieve remediation goals. 
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Cost 

 

The No Action alternative would not incur any capital costs.  Institutional Controls and 

Monitoring with Institutional Controls would require relatively low capital costs, consisting 

primarily of legal fees to draft and implement institutional controls and installation of chain-link 

fencing to prevent human access to contaminated areas.  Capital costs for Removal and Off-

Site Disposal would be high relative to the other alternatives that were retained for near-shore 

sediment due to the effort required to excavate and dewater sediment from a wetland area, and 

the cost to transport and dispose of contaminated sediments at an off-site disposal facility. 

 

Operations and maintenance costs for Institutional Controls would be relatively low, consisting 

primarily of periodic inspections to verify the effectiveness of the controls and occasional repair 

of fencing.  Monitoring and Institutional Controls would require moderate operations and 

maintenance costs due to the costs associated with implementing a periodic sampling program 

to evaluate sediment and surface water conditions in the remediation areas.  Five-year reviews 

would be required for these alternatives since contamination would remain on-site above levels 

that would allow for unrestricted exposure to sediments.   

 

Removal and Off-Site Disposal would require low operations and maintenance expenditures 

since all sediment with concentrations of contaminants that pose potential human health risks 

would be removed from near-shore sediments.  The restoration of wetland areas that are 

impacted by near-shore sediment removal would require up to 2 years of maintenance to 

ensure that wetland plant species and wetland habitats are being adequately restored. 

 

3.6.3.2  Screening of Alternatives for Deep Sediments (DS) 

 

As with the near-shore sediments, only alternatives that were applicable to deep sediments 

were considered for the detailed analysis.   No Action, Institutional Controls, Monitoring with 

Institutional Controls, Subaqueous Cap, Removal and Offsite Disposal, and Removal, 

Treatment and On-site Reuse were screened against the evaluation criteria for deep sediments.  

A summary of the screening of alternatives for deep sediments is presented below. 
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Effectiveness 

 

The No Action alternative would not be protective of human health in the long term, since no 

actions would be taken to prevent future exposures by dredging workers to contaminated 

sediments in the Halls Brook Holding Area wetlands and Wells G&H Wetland. 

 

Institutional Controls and Monitoring with Institutional Controls would provide human health 

protection through the use of deed restrictions to prevent dredging in the areas that might result 

in future exposures to contaminated sediment.  These alternatives were determined to provide a 

high level of protection to human health due to the relative inaccessibility of the sediment core 

locations (at depth within the interior portions of wetland), exposure to which would require the 

use of dredging equipment. 

 

The Subaqueous Cap was evaluated to be an ineffective alternative to address deep sediments, 

since it would not be an adequate deterrent to dredging equipment operating in the deep 

sediment risk areas.  The relatively thin layer of clean sediment material that would be used to 

construct a subaqueous cap could easily be penetrated in the event that dredging equipment 

were to be utilized in these areas, therefore placement of this material would provide no 

additional protection to human health beyond that which would be achieved through restrictions 

or prevention of dredging activities.  For this reason, the Subaqueous Cap alternative was not 

retained for the detailed analysis of alternative for deep sediments. 

 

Removal and Off-Site Disposal and Removal, Treatment, and On-Site Reuse of sediment in 

deep sediment risk locations would protect human health in the long term through the removal 

of sediment with contaminants exceeding the remediation goals and replacement of this 

sediment with clean material (either from an off-site source or treated sediment).  These 

alternatives would also include wetland re-creation in the areas impacted by the excavation, 

therefore providing a high level of long-term environmental protection despite the short-term 

impacts to the environment that would result from excavation of sediment in the wetland. 

 

The evaluation of short-term effectiveness for the deep sediment alternatives indicated high 

short-term effectiveness for No Action, Institutional Controls, and Monitoring with Institutional 

Controls since no construction activities would be utilized and therefore there would be no 

potential for human health impacts to workers or the community.  The alternatives that involve 
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sediment removal would have significant short-term impacts due to the large area of sediment 

that would need to be addressed to achieve RAOs.  Engineering controls would be used to 

prevent unacceptable exposures to contaminants by workers or the community and impacted 

wetland areas would be restored, but the area and volume of material that would be impacted 

by these alternatives would be considerable. 

 

Implementability 

 

As discussed previously in the screening of alternatives for near-shore sediment, the 

effectiveness of Removal, Treatment, and On-Site Reuse was determined to be limited for 

sediments based on the uncertainties associated with the reliability of treatment processes.  

Therefore, this alternative was not retained for the detailed analysis of alternatives for deep 

sediment. 

 

Due to the large area that would be impacted by the removal of contaminated sediment in the 

deep sediment risk areas, the technical feasibility of Removal and Off-Site Disposal was 

evaluated to be very low.  Much of these sediment risk areas are currently submerged beneath 

surface water, and a large-scale dewatering and surface water diversion effort would be 

necessary to remove them from the wetland.  Furthermore, the availability of off-site disposal 

capacity for this volume of material (160,000 cubic yards) would be limited.  Nevertheless, this 

alternative was retained for the detailed analysis to provide an active remediation alternative 

against which No Action and Institutional Controls could be compared from a cost and 

effectiveness standpoint. 

 

No Action, Institutional Controls, and Monitoring with Institutional Controls were determined to 

be easily implementable in the deep sediment risk areas.  Monitoring would involve extra effort 

over institutional controls alone.  The value derived from monitoring was determined not to be 

sufficient to warrant its inclusion for the detailed analysis, therefore it was not retained. 

 

Cost 

 

There would be no capital costs associated with the No Action alternative.  Capital costs to 

implement Institutional Controls in the deep sediment areas would be low in comparison to 
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sediment removal.  Sediment removal and off-site disposal would require very high capital 

expenditures. 

 

Operations and maintenance costs for Institutional Controls would be low, consisting of periodic 

inspections to verify the effectiveness of the controls.  Five-year reviews would be required 

under this alternative since contaminants would remain on the site above levels which would 

allow unrestricted exposure to sediments.  Removal and Off-Site disposal of sediment would not 

require long-term operations and maintenance since all deep sediment with contaminants above 

risk-based remediation goals would be removed from the Site.  The restoration of wetlands that 

are impacted by sediment removal would require up to two years of maintenance to ensure that 

wetland species and habitats are adequately established.   

 

3.6.3.3  Screening of Alternatives for HBHA Pond Sediments (HBHA) 

 

Applicable alternatives that were evaluated for the HBHA sediments included No Action, 

Institutional Controls, Monitoring with Institutional Controls, Subaqueous Cap, Stormwater 

Bypass and Sediment Retention with Partial Dredging and Providing an Alternate Habitat, 

Removal and Offsite Disposal, and Removal, Treatment and On-site Reuse.  This section 

provides a summary of the alternatives screening evaluation. 

 

Effectiveness 

 

The effectiveness evaluation for the HBHA Pond focused primarily on the ability of alternatives 

to protect the environment, since the unacceptable risks identified with exposure to 

contaminated sediment in the Pond were associated with ecological receptors.  The evaluation 

of human health protection for the HBHA Pond sediment alternatives assessed the ability of the 

alternative to prevent downstream migration of contaminated sediment that might create future 

human health risks. 

 

It should be noted that the long-term effectiveness of alternatives for the HBHA Pond is, in most 

cases, dependent upon the implementation of a groundwater remedy that intercepts the 

groundwater contaminant plume prior to discharge to the Pond.  If contaminated groundwater is 

allowed to discharge to the Pond, the subaqueous cap and sediment removal alternatives would 

not be effective in the long term since Pond sediments would ultimately be recontaminated by 
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the continuing source of arsenic and benzene entering the Pond through groundwater 

discharge.  Therefore, the protectiveness evaluation that is made in the alternative screening for 

these alternatives assumes that a plume intercept alternative would be implemented to prevent 

discharges of contaminants to the Pond. 

 

No Action, Institutional Controls, and Monitoring with Institutional Controls were determined not 

to be protective of ecological receptors, since no actions would be taken to prevent ecological 

exposures to contaminated sediment.  Since institutional controls would not be adequate to 

protect ecological receptors, they were not retained for HBHA Pond sediment alternatives.  

Instead, monitoring without institutional controls was retained for the detailed analysis.  

Monitoring without institutional controls would not be protective of human health or the 

environment in the long term. 

 

A Subaqueous Cap would be protective of the environment (assuming a plume intercept 

alternative is implemented for groundwater) by providing a subaqueous barrier that would limit 

or prevent ecological exposures to contaminated sediment.  The long-term effectiveness of this 

technology would be uncertain though, since stresses to the cap from surface water currents 

and bioturbation could result in excessive wear and potential failure.  The Subaqueous Cap, by 

isolating contaminated sediment from the overlying water column, would protect human health 

by preventing resuspension and downstream migration of contaminated sediments from the 

Pond bottom. 

 

The Stormwater Bypass with Sediment Retention alternative would protect ecological receptors 

in the portion of the Pond from which contaminated sediments are dredged.  Ecological 

receptors would not be protected in the northern (sediment retention) portion of the Pond, where 

contaminated sediment would be left in place but prevented from migrating through the use of 

surface water controls.  Long-term environmental protection would be provided by this 

alternative through the creation of an alternate habitat to compensate for the approximately one 

acre Pond habitat that would be lost.  This alternative would provide long-term protection of 

human health through the removal of contaminated sediment in the southern portion of the 

Pond and through the construction of a sediment retention area in the northern portion of the 

Pond that would prevent sediment transport to downstream areas.  This alternative would be 

effective in the long-term without a plume intercept alternative for groundwater, since 
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contaminants that discharge to the Pond would be contained within the sediment retention 

portion of the HBHA Pond and periodically dredged. 

 

The two alternatives that involve sediment removal from the entire Pond area (Removal and Off-

Site Disposal and Removal, Treatment, and On-Site Reuse) would protect human health and 

the environment in the long term since all sediment with concentrations of arsenic in excess of 

the risk-based remediation goals would be removed from the Pond.  These alternatives would 

not be effective in the long term without the implementation of a plume intercept alternative for 

groundwater. 

 

Short-term effectiveness for the No Action and Monitoring alternatives would be very high since 

no construction activities would be required for their implementation.  Short-term effectiveness 

of the Subaqueous Cap would be very low, since in order to install a cap over sediments at the 

Pond bottom it would need to be dewatered.  While engineering controls would be utilized to 

minimize human health impacts from cap construction, the construction process would make 

contaminated material more accessible to workers and the community.  The short-term 

environmental impacts of the Subaqueous Cap alternatives would be very high (effectiveness 

low) since the aquatic ecosystem at the Pond bottom would be essentially destroyed. 

 

The short-term effectiveness of the Stormwater Bypass/Sediment Retention, Removal and Off-

Site Disposal, and Removal, Treatment, and On-Site Reuse would be similar.  Engineering 

controls would be used to prevent unacceptable exposures to contaminants by workers and the 

community, but the magnitude of construction activities that would be required would have 

significant short-term impacts to the environment including the destruction of aquatic 

ecosystems in the Pond. 

 

No Action and Monitoring would not achieve any reduction in the toxicity, mobility, or volume of 

contaminants through treatment.  Except for the treatment of sediment dewatering effluent, 

Subaqueous Cap and Removal and Off-Site Disposal would not reduce the toxicity, mobility, or 

volume of contaminants in sediment.  Removal, Treatment, and On-Site Reuse would utilize a 

treatment technology to reduce the toxicity, mobility, and volume of contaminants in sediment in 

addition to treating dewatering effluent to remove contaminants. 
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Implementability 

 

No Action and Monitoring would be easily implementable.  The Subaqueous Cap would be very 

difficult to implement due to the nature of the sediment at the bottom of the Pond.  Placement of 

the cap directly onto the Pond bottom without dewatering the Pond would be very difficult and 

time consuming, if not impossible.  Pond sediments have very low percent solids, and would be 

displaced and mobilized very easily if cap materials were placed while still submerged.  For this 

reason, it was assumed for evaluation of this alternative that is would require dewatering of the 

Pond and pumping influent water around the Pond during cap placement.  Despite the 

construction difficulties associated with the alternative, it was retained for further evaluation in 

the detailed analysis of alternatives for the HBHA Pond. 

 

Stormwater Bypass/Sediment Retention and Removal and Off-Site Disposal would be 

implementable and reliable to achieve the objectives of the alternative.  As was stated for the 

evaluation of alternatives for near-shore sediment and deep sediments, treatment technologies 

for sediment containing arsenic are generally not sufficiently developed enough to be 

considered reliable, and Removal, Treatment, and On-Site Reuse was not retained for the 

detailed analysis of alternatives for the HBHA Pond sediments. 

 

Cost 

 

There would be no capital costs associated with the implement of No Action or Monitoring.  

Capital costs to construct a subaqueous cap would be moderate in comparison to the other 

sediment alternative for the Pond.  Stormwater Bypass and Sediment Retention with an 

Alternate Habitat and Removal and Off-Site Disposal would require high capital expenditures. 

 

Operations and maintenance costs for Monitoring would be low compared to the other HBHA 

Pond alternatives.  The Subaqueous Cap would require high maintenance costs, including 

periodic underwater inspections to verify the integrity of the cap and bathymetric surveys to 

evaluate the degree of cap erosion or to identify potential weaknesses in the cap that might 

enable contaminants to penetrate the cap.  Stormwater Bypass/Sediment Retention with 

Alternate Habitat would require moderate operations and maintenance costs including 

sediment/surface water monitoring, periodic inspections of the surface water flow controls, and 

periodic dredging of sediment that accumulates in the sediment retention area.  There would be 
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no operations and maintenance costs associated with Removal and Off-Site Disposal since all 

sediment with concentrations of arsenic that exceed the remediation goal would be removed 

from the Pond. 

 

Since sediment contamination would remain at the Pond above levels which would enable 

unrestricted exposure to HBHA Pond sediments, each alternative (except Removal and Off-Site 

Disposal) would require 5-year reviews to evaluate the protectiveness of the remedy. 

 

3.6.4  Screening of Remedial Alternatives for Surface Water 

 

Table 3-4 presents the screening of surface water remedial alternatives.  This evaluation 

considers the effectiveness, implementability, and cost of implementing each alternative to 

ecological risks associated with contaminated deep surface water of the HBHA Pond.  Table 3-8 

provides a summary of the alternatives that will be retained for the detailed analysis of 

alternatives for sediment. 

 

As stated in Sections 1.0 and 2.0, the area of surface water that presents an unacceptable 

ecological risk is the deeper surface water of the HBHA Pond.  This contaminated water is the 

result of the direct discharge of contaminated groundwater.  As a result, removal options for 

surface water were not considered as they are not considered technically feasible or practical if 

contaminated groundwater is not addressed. Likewise, if contaminated groundwater is 

addressed, then the contaminated surface water would abate through natural attenuation 

processes.  Alternatives considered for evaluation include No Action, Monitoring, and Monitoring 

and Providing an Alternate Habitat. 

 

All alternatives are considered technically and administratively feasible. The alternative 

Monitoring and Providing an Alternate Habitat would be the most difficult to implement due to 

the difficulty in locating up to 5-acres of land within the watershed to create an alternate wetland 

habitat.  Similarly, the alternative Monitoring and Providing an Alternate Habitat would also be 

the most expensive alternative to construct. 

 

No alternative would provide any protection to the environment of the deep water within the 

HBHA Pond. Only the alternative Monitoring and Providing an Alternate Habitat would offer 
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protection by creating an alternate habitat within the watershed to maintain the current inventory 

and diversity of benthic species and habitat. 

 

All alternatives were retained for further detailed evaluation. 

 

Effectiveness 

 

No alternative would provide any protection to the environment within the HBHA Pond. Only the 

alternative Monitoring and Providing an Alternate Habitat would offer protection by creating an 

alternate habitat within the watershed to maintain the current inventory and diversity of benthic 

species and habitat. 

 

Implementability 

 

All alternatives are considered technically and administratively feasible. The alternative 

Monitoring and Providing an Alternate Habitat would be the most difficult to implement due to 

the difficulty in locating up to 5-acres of land within the watershed to create an alternate wetland 

habitat. 

 

Cost 

 

There would be no capital costs associated with No Action and Monitoring.  The cost to 

implement Monitoring with an Alternate Habitat would be moderate in comparison to these other 

alternatives. 

 

Operations and maintenance costs would below for monitoring only.  The construction of a 

compensatory wetland that would be conducted under Monitoring with Providing Alternate 

Habitat would involve moderate maintenance costs associated with the cultivation of the created 

wetland and verification of its integrity. 
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4.0  DETAILED ANALYSIS OF ALTERNATIVES 

 

The remedial alternatives that were developed and screened in Section 3.0 are analyzed in 

detail in this section.  The detailed analysis of alternatives provides information to facilitate 

selection of a specific remedy or combination of remedies.  The detailed analysis of alternatives 

was developed in accordance with the NCP (40 CFR 200.430(e)) and the Interim Final 

Guidance for Conducting Remedial Investigations and Feasibility Studies Under CERCLA 

(EPA, Oct 1988). 

 

4.1  Evaluation Criteria 

 

In conformance with the NCP, seven of the following nine criteria were used to evaluate each of 

the retained alternatives during the detailed analysis.  The last two criteria, state and community 

acceptance, will be addressed following the receipt of state and public comments on the RI/FS. 

 

•  Overall Protection of Human Health and the Environment 

•  Compliance with ARARs 

•  Long-Term Effectiveness and Permanence 

•  Reduction of Toxicity, Mobility, or Volume Through Treatment  

•  Short-Term Effectiveness 

•  Implementability 

•  Cost 

•  State Acceptance 

•  Community Acceptance 

 

Under the NCP, the selection of the remedy is based on the nine evaluation criteria, which are 

categorized into three groups: 

 

•  Threshold Criteria - The overall protection of human health and the environment, and 

compliance with ARARs are threshold criteria that each alternative must meet in order to 

be eligible for selection. 
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•  Primary Balancing Criteria - The five primary balancing criteria are long-term 

effectiveness and permanence; reduction of toxicity, mobility, or volume through 

treatment; short-term effectiveness; implementability; and cost. 

  

•  Modifying Criteria - The state and community acceptance are modifying criteria that will 

be considered in remedy selection. 

 

Brief, general discussions of these evaluation criteria are presented in the following text.  

Detailed analyses of each alternative using the evaluation criteria are presented in Section 4.2. 

 The comparative analysis of the remedial alternatives is presented in Section 4.3. 

 

4.1.1  Overall Protection of Human Health and the Environment 

 

This evaluation criterion provides a final check to assess whether or not each alternative 

provides adequate protection of human health and the environment.  The overall assessment of 

protection draws on the assessments conducted under other evaluation criteria including: long-

term effectiveness and permanence, short-term effectiveness, and compliance with Applicable 

or Relevant and Appropriate Requirements (ARARs).  The evaluation focuses on whether or 

not a specific alternative achieves adequate protection and how risks are eliminated, reduced, 

or controlled, and whether RAOs would be achieved. 

 

4.1.2  Compliance with ARARs 

 

ARARs are considered during the detailed evaluation of alternatives.  Alternatives are assessed 

on whether or not they attain ARARs.  When an ARAR cannot be met, the basis for justification 

of a waiver under CERCLA, or within the specific requirement, is presented.  The actual 

determination of which ARARs are requirements is made by the EPA in consultation with the 

MADEP. 

 

4.1.3  Long-Term Effectiveness and Permanence 

 

Under this criterion, the alternatives are evaluated for long-term effectiveness, permanence, 

and the degree of risk remaining after the RAOs have been met.  The following components 

are evaluated: 
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•  Magnitude of residual risks - assesses the residual risk remaining from untreated wastes 

or treatment residuals at the conclusion of remedial actions, the remaining sources of 

risk, and the need for 5-year reviews. 

  

•  Adequacy and reliability of controls - assesses controls that are used to manage 

treatment residuals or remaining untreated wastes.  This assessment includes 

addressing: the likelihood of technologies to meet required efficiencies or specifications, 

type and degree of long-term management, long-term monitoring requirements, 

operation and maintenance (O&M) functions to be performed, uncertainties associated 

with long-term O&M, potential need for replacement of technical components and 

associated magnitude of risks or threats, degree of confidence in controls to handle 

potential problems, and uncertainties associated with land disposal of untreated wastes 

and residuals. 

 

4.1.4  Reduction of Toxicity, Mobility, or Volume Through Treatment 

 

This criterion addresses the statutory preference for remedies that employ treatment as a 

principal element by assessing the relative performance of different treatment technologies for 

reducing the toxicity, mobility, or volume of the contaminated media.  Specifically, the analysis 

should examine the magnitude, significance, and irreversibility of the estimated reductions. 

 

The degree to which remedial alternatives employ treatment that reduces toxicity, mobility, or 

volume is assessed by considering the following factors: 

 

•  The treatment processes that the remedies employ, the media they would treat, and 

threats addressed; 

•  The approximate amount of hazardous materials that would be destroyed or treated; 

•  The degree of expected reduction in toxicity, mobility, or volume as a result of treatment; 

•  The degree to which the treatment is irreversible; 

•  The type and quantity of residuals that would remain following treatment, considering 

the persistence, toxicity, mobility, and bioaccumulation capacity of the contaminants of 

concern and impacted media, and 
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•  The ability of alternatives to satisfy the statutory preference for treatment as a principal 

element. 

 

4.1.5  Short-Term Effectiveness 

 

The assessment of short-term effectiveness during construction or implementation until the 

RAOs are met includes consideration of the following factors: 

 

•  Potential short-term impacts to the community during remedial actions and whether risks 

may be addressed or mitigated; 

•  Potential impacts to, and protection of, the workers during remedial actions; 

•  Potential adverse environmental impacts that result from construction and 

implementation of the alternative, and the reliability of mitigation measures, and 

•  Time until RAOs are achieved. 

 

4.1.6  Implementability 

 

The ease or difficulty of implementing a remedial alternative is assessed by considering the 

following factors during the detailed analysis: 

 

•  Technical Feasibility: 

- Degree of difficulty or uncertainties associated with constructing and operating the 

alternative; 

- Technical difficulties associated with the technologies' reliability that could result in 

schedule delays; 

- Likelihood of additional remedial actions and anticipated ease or difficulty in 

implementation, and  

- Ability to monitor the effectiveness of the remedy and risks of exposure if monitoring 

is insufficient to detect remedy failure. 

•  Administrative Feasibility: 

- The need to coordinate with other offices and agencies, and obtain necessary 

approvals and permits. 
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•  Availability of Services and Materials: 

- Availability of adequate capacity and location of treatment, storage, and disposal 

services, if required; 

- Availability of necessary equipment and specialists; 

- Availability of treatment technologies comprising the alternative, sufficient 

demonstration of the technologies, and availability of vendors, and 

- Availability of services and materials, and the potential for obtaining competitive bids. 

 

4.1.7  Cost 

 

A detailed cost analysis is performed for each alternative to assess the net present worth cost 

to implement the remedial actions.  The cost analysis consists of the following:   

 

•  Estimation of capital (direct and indirect) and annual O&M costs; 

•  Development of costs with an accuracy in the range of  plus 50 percent to  minus 30 

percent, and 

•  Calculation of the present worth (capital and O&M costs) of the alternative by 

discounting to a base year or current year using a discount rate of seven percent. 

 

4.1.8  State Acceptance 

 

The MADEP is providing input to the feasibility study process on an ongoing basis and will 

continue to do so throughout the public comment period.  Assessment of the state concerns 

may not be completed until comments on the RI/FS are received.  As a result, this FS does not 

include any additional discussion about this criterion for any of the alternatives analyzed.  State 

concerns may be discussed, to the extent possible, in the proposed plan to be issued for public 

comment.  The state concerns that will be assessed include the following: 

 

 1) The state's position and key concerns related to the preferred alternative and 

other alternatives and, 

 2) State comments on ARARs or the proposed use of waivers. 
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4.1.9  Community Acceptance 

 

This criterion refers to the community's comments on the remedial alternatives under 

consideration.  The community is broadly defined to include all interested parties.  Community 

concerns would be addressed after the public comment period, which follows the release of the 

RI/FS report.  As a result, this FS does not include any additional discussion about this criterion 

for any of the alternatives analyzed.  

 

4.2  Individual Analysis of Alternatives 

 

The individual analysis of alternatives is presented on Tables 4-1 through 4-27.  Each of the 

alternatives that were retained in Section 3.0 are evaluated using the detailed analysis criteria 

presented in Section 4.1.  Alternatives are evaluated by medium and environmental setting, as 

discussed previously: 

 

•  Surface soil (Tables 4-1 through 4-5) 

•  Subsurface soil (Tables 4-6 through 4-8) 

•  Groundwater (Tables 4-9 through 4-12) 

•  HBHA Pond sediment (Tables 4-13 through 4-17) 

•  Near-shore sediment (Tables 4-18 through 4-21) 

•  Deep sediment (Tables 4-22 through 4-24), and  

•  Surface water (Tables 4-25 through 4-27).   

 

Although the alternatives are media-specific, in many cases the media and alternatives are 

inter-related such that one alternative for a particular medium may impact the analysis of a 

remedial alternative for other downgradient media.  For example, since contaminated 

groundwater discharges are responsible for sediment contamination in the HBHA Pond, the 

analysis of sediment alternatives would be contingent upon the actions taken to address 

contaminated groundwater discharges to the Pond.  Where applicable, these dependent 

relationships are noted in the detailed analysis of alternatives. 

 

The following sections of text provide descriptions of the major components of each alternative. 

 The detailed analysis of alternatives is presented in table form only.   
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4.2.1  Individual Analysis of Soil Alternatives 

 

Contaminated soil was identified in the former Mishawum Lake bed area.  Potential risks to 

human health under potential future exposure scenarios were identified for surface soils (0 to 3 

feet below ground surface) and subsurface soils (3 to 15 feet).  The RAO for soil is as follows: 

 

► Prevent exposures associated with a HI > 1 and/or ILCR > 10-6 to 10-4 by 
meeting the associated PRGs for the following scenarios: 

● Ingestion and dermal contact of arsenic by children at a future day care center for 
surface and subsurface soil 

● Ingestion and dermal contact of arsenic by a future excavation worker for 
subsurface soil 

 

In order to meet these RAOs, a PRG of 50 mg/kg was established for both surface soil and 

subsurface soil.  In order to meet the RAOs and PRGs for soil, the following remedial 

alternatives were established based on the alternative screening presented in Section 3.0: 

 

Surface Soil (SS): 

•  Alternative SS-1:  No Action 

•  Alternative SS-2:  Institutional Controls with Monitoring 

•  Alternative SS-3:  Permeable Cover and Monitoring with Institutional Controls 

•  Alternative SS-4:  Excavation and Off-Site Disposal 

•  Alternative SS-5:  Excavation , Treatment, and On-Site Reuse 

 

Subsurface Soil (SUB): 

•  Alternative SUB-1:  No Action 

•  Alternative SUB-2:  Institutional Controls with Monitoring 

•  Alternative SUB-3:  Permeable Cover and Monitoring with Institutional Controls 

 

A general description of the major components of each alternative is provided in the following 

sections.  The areas requiring remediation are presented in Figure 2-3A for surface soils and 

Figure 2-3B for subsurface soils. 
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For the purposes of this FS, surface soils and subsurface soil alternatives were evaluated 

independently.  However, since the area requiring remediation for surface soils is contained 

within the limits for subsurface soil remediation, the selected remedial alternative should be 

coordinated to avoid duplication of effort and costs.  For example, if a permeable cover is 

selected for both the surface soil and subsurface soil, the costs for the surface soil remedy 

would already be accounted for in the subsurface soil alternative. 

 

4.2.1.1  Alternative SS-1:  No Action 

 

Under this alternative, no remedial technologies would be implemented at the Site to reduce 

arsenic concentrations in surface soils.  No degradation of arsenic would be anticipated from 

naturally occurring processes, therefore no reduction in risks to human health would be 

achieved. A summary of ARARs associated with this alternative is presented on Tables 4-1A 

through 4-1C. The evaluation of this alternative against the NCP criteria is presented on Table 

4-1D.  Contaminants would remain at the Site above levels that allow for unlimited use and 

unrestricted exposure, therefore a formal review of site conditions and risks would need to be 

performed at least once every five years. 

 

4.2.1.2  Alternative SS-2: Institutional Controls With Monitoring 

 

Alternative SS-2 (Institutional Controls with Monitoring) does not involve treatment or removal, 

but provides protection of human health by controlling potential exposures to contaminated soil 

through the implementation of institutional controls.  Institutional controls that would be 

implemented under this alternative would include prohibitions on the use of impacted properties 

for a day care facility and prohibitions on excavation without regulatory oversight and adequate 

worker health and safety precautions (engineering controls, PPE) to minimize or prevent direct 

contact with contaminated soil during removal activities and to control the potential onsite and 

offsite spread of contamination.   

 

No degradation of arsenic is anticipated to occur from naturally occurring processes.  

Therefore, a groundwater monitoring component is included to ensure that contaminated soils 

that are left in-place do not impact groundwater and create unacceptable human health risks or 

hazards in the future.  A network of permanent groundwater monitoring wells would be installed 

to enable groundwater monitoring.  Groundwater samples would be collected semi-annually for 
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the first five years and annually for years 5 through 10.  After year 10, if contaminant trends 

show that there have been no impacts to groundwater such that no human health risks or 

hazards have been created, then groundwater sampling would be suspended or discontinued. 

 

A summary of ARARs associated with this alternative is presented on Tables 4-2A through 4-

2C. The evaluation of this alternative against the NCP criteria is presented on Table 4-2D.  The 

primary components of this alternative would include: 

 

•  Conducting a pre-design investigation to delineate the limits of soil contamination so that 

properties requiring institutional controls may be identified; 

•  Mobilization and demobilization of required personnel and equipment to conduct 

property surveys; 

•  Coordination with local, state, and federal agencies and property owners to develop 

property-specific deed restriction documents; 

•  Filing of deed restrictions and/or other appropriate institutional controls and providing a 

long-term maintenance program; 

•  Installation of permanent monitoring wells; 

•  Periodic sampling of the groundwater monitoring wells and reporting; 

•  Long-term inspections to ensure that that the deed restrictions are being enforced; and 

•  Performance of 5-year reviews to monitor the effectiveness of the remedy. 

 

4.2.1.3  Alternative SS-3:  Permeable Cover and Monitoring with Institutional Controls 

 

Alternative SS-3 (Permeable Cover and Monitoring with Institutional Controls) does not involve 

treatment or complete removal of contaminated soil, but provides protection of human health by 

preventing or controlling potential exposures to contaminated soil through the construction of a 

protective barrier or cap over the contaminated soils.  Under this alternative, a permeable cover 

would be constructed to prevent future exposures to contaminated surface soil in the former 

Mishawum Lake bed area.  Existing paved surfaces and building foundation and slabs would be 

evaluated for suitability as equivalent cover so that these surfaces would not have to be 

removed.  Areas unsuitable as equivalent cover would require removal of surface soils 

(approximately 18 inches) and construction of an engineered permeable cover.  In addition, 

institutional controls would be required to ensure that the cover, including equivalent structures 
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such as asphalt paved areas and building foundations, is adequately protected through deed 

restrictions and maintenance. 

 

No degradation of arsenic is anticipated from naturally occurring processes.  Therefore, a 

groundwater monitoring component is included to ensure that contaminated soils that are left 

in-place do not impact groundwater and create unacceptable human health risks or hazards in 

the future.  A network of permanent groundwater monitoring wells would be installed to enable 

groundwater monitoring.  Groundwater samples would be collected semi-annually for the first 5 

years and annually for years 5 through 10.   After year 10, if contaminant trends show that there 

have been no impacts to groundwater such that no human health risks or hazards have been 

created, then groundwater sampling would be suspended or discontinued. 

 

A summary of ARARs associated with this alternative is presented on Tables 4-3A through 4-

3C. The evaluation of this alternative against the NCP criteria is presented on Table 4-3D.  The 

primary components of this alternative would include: 

 

•  Coordination with local, state, and federal agencies and property owners to design and 

construct property-specific covers; 

•  Components of institutional controls as identified for Alternative SS-2 (Institutional 

Controls with Monitoring); 

•  Mobilization and demobilization of required personnel and equipment to the Site for 

construction of the permeable cover: 

- Conducting a pre-design investigation to delineate the limits of contamination 

requiring remediation; 

- Limited excavation of approximately 6,600 cubic yards of contaminated surface 

soil to provide adequate depth and subgrade for the permeable cover materials; 

- Placement of a geotextile or other engineered barrier to prevent direct contact 

with the soil. (It is assumed that existing paved surfaces and building slabs will 

be adequate to offer protection as equivalent cover.  Some minor pavement 

repairs are assumed; 

- Placement of backfill and surface treatment to match the intended use (planter 

beds, asphalt pavement, concrete, etc.); and 

- Transportation and disposals of contaminated soils at an approved licensed 

facility. 
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•  Filing of deed restrictions and/or other appropriate institutional controls and providing a 

long-term maintenance program; 

•  Installation of permanent monitoring wells; 

•  Periodic sampling of the groundwater monitoring wells and reporting; 

•  Long-term inspections to ensure that the deed restrictions are being enforced; and 

•  Performance of 5-year reviews to monitor the effectiveness of the permeable cover. 

 

4.2.1.4  Alternative SS-4:  Excavation and Off-Site Disposal 

 

Under this alternative, all source area materials exceeding the arsenic PRG will be excavated 

and transported for offsite disposal at an approved, licensed facility.  This alternative assumes 

that the soils underlying existing buildings would likely have been imported structural fill placed 

during construction of the building and will not require remediation.  This alternative would 

provide permanent elimination of risks to human health resulting from future exposures to 

arsenic in surface soils. Note that if the pre-design investigation conducted to delineate the 

limits of contamination determine that the soils under a building do exceed the arsenic PRG, 

then institutional controls would be required until such time as the soils could be removed, such 

as during building demolition (see Alternative SS-2 for the components of institutional controls).  

 

A summary of ARARs associated with this alternative is presented on Tables 4-4A through 4-

4C. The evaluation of this alternative against the NCP criteria is presented on Table 4-4D.  The 

primary components of this alternative would include: 

 

•  Coordination with local, state, and federal agencies and property owners for excavation 

of contaminated surface soil; 

•  Mobilization and demobilization of required personnel and equipment to the site for 

excavation of the contaminated soils: 

- Conducting a pre-design investigation to delineate the limits of contamination 

requiring remediation; 

- Excavation of approximately 63,600 cubic yards of contaminated surface soil to a 

depth of 3 feet; 

- Site restoration including placement of backfill and surface treatment to match 

the pre-construction conditions (planter beds, asphalt pavement, concrete, etc.; 

and 
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- Transportation and disposal of contaminated soils at an approved licensed 

facility. 

•  Since no contaminants would be left on site above PRGs, five-year reviews would not be 

required for this alternative. 

 

4.2.1.5  Alternative SS-5:  Excavation, Treatment, and On-Site Reuse 

 

This alternative is identical to Alternative SS-4 (Excavation and Off-Site Disposal) except that 

the excavated soil contaminated at levels above PRGs would be treated onsite to remove 

arsenic and then placed back into the excavations.  No offsite disposal of wastes would be 

required except those wastes generated during the treatment process (i.e. contaminated 

rinsate). 

 

This alternative would provide permanent elimination of risks to human health resulting from 

future exposures to arsenic in surface soils. Note that if the pre-design investigation conducted 

to delineate the limits of contamination determine that the soils under a building do exceed the 

arsenic PRG, then institutional controls would be required until such time as the soils could be 

removed, such as during building demolition (see Alternative SS-2 for the components of 

institutional controls). 

 

A summary of ARARs associated with this alternative is presented on Tables 4-5A through 4-

5C. The evaluation of this alternative against the NCP criteria is presented on Table 4-5D.  The 

primary components of this alternative would include: 

 

•  Coordination with local, state, and federal agencies and property owners for excavation 

and onsite treatment of contaminated soils; 

•  Mobilization and demobilization of required personnel and equipment to the site for 

construction of the permeable cover: 

- Site preparation for soil treatment area; 

- Conducting a pre-design investigation to delineate the limits of contamination 

requiring remediation; 

- Excavation of approximately 63,600 cubic yards of contaminated surface soil to a 

depth of 3 feet; 

- Hauling wastes to a central treatment area; 
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- Treating arsenic contaminated soils using a treatment train approach that 

includes soil pre-treatment, acid extraction, rinsing, and dewatering; 

- Site restoration including placement of treated soil into excavations and applying 

surface treatment to match the pre-construction conditions (planter beds, asphalt 

pavement, concrete, etc.); and 

- Transportation and disposals of contaminated rinsate solutions at an approved 

licensed facility 

•  Since no contaminants would be left on site above PRGs, five-year reviews would not be 

required for this alternative. 

 

4.2.1.6  Alternative SUB-1:  No Action 

 

Under this alternative, no remedial technologies would be implemented at the Site to reduce 

arsenic concentrations in surface soils.  No degradation of arsenic would be anticipated from 

naturally occurring processes, therefore no reduction in risks to human health would be 

achieved. A summary of ARARs associated with this alternative is presented on Tables 4-6A 

through 4-6C. The evaluation of this alternative against the NCP criteria is presented on Table 

4-6D.  Contaminants would remain at the Site above levels that allow for unlimited use and 

unrestricted exposure, therefore a formal review of site conditions and risks would need to be 

performed at least once every five years. 

 

4.2.1.7  Alternative SUB-2: Institutional Controls with Monitoring 

 

Alternative SUB-2 (Institutional Controls with Monitoring) addresses soils within the zone of 3 

feet to 15 feet below the surface that exceed the PRG.  Human health risks and hazards 

associated with these contaminated subsurface soils are only present if the soils are excavated, 

causing a construction worker exposure; or excavated and re-distributed to the ground surface 

causing a potential exposure to a day care child.  Alternative SUB-2 (Institutional Controls with 

Monitoring) is an alternative that does not involve treatment or removal, but provides protection 

of human health by preventing or controlling potential exposures to contaminated soil through 

implementation of institutional controls.   Institutional controls would take the form of deed 

restrictions and/or other appropriate institutional controls whereby excavations in this area 

would be prohibited unless adequate precautions (engineering controls, PPE, monitoring, etc.) 
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were taken to minimize or prevent direct contact with contaminated soil during or after removal 

activities.   

 

No degradation of arsenic is anticipated from naturally occurring processes.  Therefore, a 

groundwater monitoring component is included to ensure that contaminated soils that are left 

in-place do not impact groundwater and create unacceptable human health risks or hazards in 

the future.  A network of permanent groundwater monitoring wells would be installed to enable 

groundwater monitoring.  Groundwater samples would be collected semi-annually for the first 

five years and annually for years 5 through 10.  After year 10, if contaminant trends show that 

there have been no impacts to groundwater such that no human health risks or hazards have 

been are created, then groundwater sampling could be suspended or discontinued. 

 

A summary of ARARs associated with this alternative is presented on Tables 4-7A through 4-

7C. The evaluation of this alternative against the NCP criteria is presented on Table 4-7D.  The 

primary components of this alternative would include: 

 

•  Conducting a pre-design investigation to delineate the limits of contamination requiring 

Institutional Controls; 

•  Mobilization and demobilization of required personnel and equipment to conduct 

property surveys; 

•  Coordination with local, state, and federal agencies and property owners to develop 

property-specific deed restriction documents; 

•  Filing of deed restrictions and/or other appropriate institutional controls and providing a 

long-term maintenance program; 

•  Installation of permanent monitoring wells; 

•  Periodic sampling of the groundwater monitoring wells and reporting; 

•  Long-term inspections to ensure that the deed restrictions are being enforced; and 

•  Performance of 5-year reviews to monitor the effectiveness of the remedy. 

 

4.2.1.8  Alternative SUB-3:  Permeable Cover and Monitoring with Institutional Controls 

 

Alternative SUB-3 (Permeable Cover and Monitoring with Institutional Controls) is similar to 

Alternative SS-3 (Permeable Cover with Institutional Controls) except that it addresses a 
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considerably larger area, representing the locations with subsurface arsenic PRG exceedances. 

This alternative does not involve treatment, but provides protection of human health by 

preventing or controlling potential exposures to contaminated soil through the construction of a 

protective barrier or cap over the contaminated soils.   

 

Under this alternative, a permeable cover would be constructed to prevent future exposures to 

contaminated subsurface soil in the former Mishawum Lake bed area.  As with Alternative SS-3 

(Permeable Cover with Institutional Controls), existing paved surfaces and building foundation 

and slabs would be evaluated for suitability as equivalent cover so that these surfaces would 

not have to be removed. 

 

In order to construct the cap, limited removal of surface soils (approximately 18 inches) must be 

conducted to install the cover and maintain the existing grades.  Since the area of surface soils 

requiring remediation is contained within the assumed limits of the subsurface soil remediation 

area, these soils (approximately 6,600 cubic yards) are assumed to exceed the arsenic PRG 

and will require off-site disposal.  All other surface soils within the limits of the subsurface soil 

remedy area are assumed to be below the arsenic PRG and will be excavated, temporarily 

stockpiled, and later reused as backfill.  In addition, institutional controls would be required to 

ensure that the cover, including the equivalent cover such as asphalt paved areas and building 

foundations, is protected through deed restrictions and long-term maintenance.   

 

No degradation of arsenic is anticipated from naturally occurring processes.  Therefore, a 

groundwater monitoring component would be included to ensure that contaminated soils left in-

place do not impact groundwater and create unacceptable human health risks or hazards in the 

future.  A network of permanent groundwater monitoring wells would be installed to enable 

groundwater monitoring.  Groundwater samples would be collected semi-annually for the first 

five years and annually for years 5 through 10.  After year 10, if contaminant trends show that 

there have been no impacts to groundwater such that no human health risks or hazards have 

been are created, then groundwater sampling would be suspended or discontinued. 

 

A summary of ARARs associated with this alternative is presented on Tables 4-8A through 4-

8C. The evaluation of this alternative against the NCP criteria is presented on Table 4-8D.  The 

primary components of this alternative would include: 

 



 DRAFT FINAL 

RI051270DF 4-16              Tetra Tech NUS, Inc. 

•  Coordination with local, state, and federal agencies and property owners to design and 

construct property-specific covers; 

•  Components of institutional controls as identified for Alternative SUB-2 (Institutional 

Controls with Monitoring); 

•  Conducting a pre-design investigation to delineate the limits of contamination requiring a 

permeable cover; 

•  Mobilization and demobilization of required personnel and equipment to the site for 

construction of the permeable cover: 

- Limited excavation of surface soils to provide adequate depth and subgrade for 

the permeable cover materials; 

- Placement of a geotextile or other engineered barrier to prevent direct contact 

with the soil over an estimated area of 275,000 square feet. (It is assumed that 

existing paved surfaces and building slabs will be adequate to offer protection as 

equivalent cover; some minor pavement repairs are estimated.); and 

- Placement of backfill and surface treatment to match the intended use (planter 

beds, asphalt pavement, concrete, etc.). 

•  Filing of deed restrictions and/or other appropriate institutional controls and providing a 

long-term maintenance program; 

•  Installation of permanent monitoring wells; 

•  Periodic sampling of the groundwater monitoring wells and reporting; 

•  Long-term inspections by to ensure that the deed restrictions are being enforced, and 

•  Performance of 5-year reviews to monitor the effectiveness of the permeable cover. 

 

4.2.2  Individual Analysis of Groundwater Alternatives 

 

Contaminated groundwater, principally originating at the Industri-plex Site, was identified within 

Reach 0.  The fate and transport evaluation for groundwater indicates that contaminated 

groundwater flows to and discharges primarily into the HBHA Pond.  Potential risks and 

hazards to humans under future exposure scenarios were identified for groundwater in the 

areas depicted on Figure 2-4.  In addition, sediment and surface water contamination resulting 

from groundwater discharges to the HBHA Pond have been shown to present risks to benthic 

aquatic life, in particular benthic invertebrates. 
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Groundwater discharges to the Pond, and sediment and surface water contamination that 

results from these discharges, may also result in downstream migration of contaminants and 

future impacts to downstream depositional areas. For this reason, the evaluation of sediment 

and surface water alternatives is, in some cases, dependent upon the actions taken to address 

groundwater contamination.  Where applicable, the detailed analysis of groundwater 

alternatives addresses the interactions between media and the implications of groundwater 

alternatives on sediment and surface water quality.  The RAOs developed for groundwater are 

as follows: 

 

► Prevent exposures associated with a HI > 1 and/or ILCR > 10-6 to 10-4 by 
meeting the associated PRGs for the following scenarios: 

● Ingestion, dermal contact, and/or vapor inhalation of arsenic, benzene, 
trichloroethene, 1,2-dichloroethane, and naphthalene by an industrial worker using 
groundwater as process water 

●  Ingestion and dermal contact of arsenic by an excavation worker 

● Vapor inhalation of benzene, trichloroethene, and 1,2-dichloroethane by a car 
wash worker using groundwater in the car wash 

► Protect benthic invertebrates and aquatic life from exposure to levels of 
benzene and arsenic indicative of impairment due to groundwater discharges 
or provide alternate habitat (HBHA Pond only).   

 

In order to meet these RAOs, the PRGs for groundwater were established as follows: 

 

Contaminant  PRG HQ ILCR 

Arsenic 150 µg/L 0.3 4.E-05 

Benzene 4 µg/L 0.1 1.E-05 

1,2-Dichloroethane 2 µg/L 0.3 1.E-05 

Trichloroethene 1 µg/L 0.02 3.E-05 

Naphthalene 5 µg/L 1 ---- 

  Cumulative Risk/Hazard 1 9.E-05 

 

The RAOs and PRGs are also presented in Table 2-4 and 2-5, respectively.  In order to meet 

the RAOs and PRGs for groundwater, the following remedial alternatives were established 

based on the alternative screening presented in Section 3.0: 

 

•  Alternative GW-1: No Action 
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•  Alternative GW-2: Pond Intercept with Monitoring and Institutional Controls 

•  Alternative GW-3: Plume Intercept by Groundwater Extraction, Treatment and 

Discharge and Monitoring with Institutional Controls 

•  Alternative GW-4: Plume Intercept by In-Situ Groundwater Treatment and Monitoring 

with Institutional Controls 

 

The individual analyses and a general description of the major components of each alternative 

are provided in the following sections. 

 

4.2.2.1  Alternative GW-1:  No Action 

 

Under this alternative, no remedial technologies would be implemented at the Site to reduce 

arsenic, benzene, TCE, naphthalene, or 1,2-DCA concentrations within groundwater.  The 

alternative would not limit potential human or ecological exposures to contaminated 

groundwater and would not prevent future discharges of contaminated groundwater to surface 

water within the HBHA Pond.  There would be no measures taken to restrict the future use of 

groundwater that is contaminated with these contaminants.  Groundwater that is contaminated 

with arsenic would continue to migrate southward with the flow of groundwater and discharge 

into the HBHA Pond, and continue to provide a source of contamination to surface water and 

sediments in the HBHA Pond, the downstream HBHA wetlands, the Aberjona River and 

adjacent wetlands.  No degradation of arsenic is anticipated from naturally occurring processes. 

  

A summary of ARARs associated with this alternative is presented on Tables 4-9A through 4-

9C. The evaluation of this alternative against the NCP criteria is presented on Table 4-9D. 

 

4.2.2.2  Alternative GW-2: Pond Intercept with Monitoring and Institutional Controls 

 

Alternative GW-2 (Pond Intercept with Monitoring and Institutional Controls) is an alternative 

that involves little or no active treatment, but provides protection of human health by preventing 

or controlling potential exposures to contaminated groundwater through institutional controls. 

The alternative also controls the downstream migration of the contaminated groundwater to 

areas in the HBHA wetlands and the Aberjona River by intercepting it at the HBHA Pond where 

natural processes in the HBHA Pond are degrading or sequestering the contaminants of 

concern such that no unacceptable human health or ecological risks are present downstream of 
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the HBHA Pond.  Alternative GW-2 (Pond Intercept with Monitoring and Institutional Controls) 

would rely upon other sediment and surface water alternatives to address these contaminants 

within the HBHA Pond itself.  

 

Although degradation of organics in site-wide groundwater is anticipated over time through 

natural processes, the degradation of arsenic is not expected.  This alternative would not limit 

potential ecological exposures to contaminated groundwater in the HBHA Pond and would not 

prevent future discharges of contaminated groundwater to surface water within the HBHA Pond. 

 Although contaminated groundwater would be intercepted at the HBHA Pond and 

contaminants would be sequestered at the Pond bottom, contaminated groundwater would 

continue to discharge into the HBHA Pond and continue to provide a source of contamination to 

surface water and sediments in the HBHA Pond.   

 

A summary of ARARs associated with this alternative is presented on Tables 4-10A through 4-

10C. The evaluation of this alternative against the NCP criteria is presented on Table 4-10D.  

The primary components of this alternative would include: 

 

•  Coordination with local, state, and federal agencies and property owners to develop 

property-specific deed restriction documents; 

•  Mobilization and demobilization of required personnel and equipment to the site to 

conduct property surveys and conduct periodic sampling; 

•  Filing of deed restrictions and/or other appropriate institutional controls and providing a 

long-term maintenance program; 

•  Long-term inspections to ensure that the deed restrictions are being enforced; 

•  Long-term monitoring of groundwater, surface water, and sediments to evaluate 

contaminant status and migration, and 

•  Performance of 5-year reviews to evaluate site conditions and risks. 

 

4.2.2.3  Alternative GW-3:  Plume Intercept by Groundwater Extraction, 
Treatment and Discharge and Monitoring with Institutional Controls 

 

Alternative GW-3 (Plume Intercept by Groundwater Extraction, Treatment and Discharge with 

Institutional Controls and Monitoring) is an active groundwater extraction and treatment 

alternative.  This alternative would consist of installing a groundwater extraction system that 
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would capture groundwater from the overburden aquifer within the contaminant plumes that 

were delineated based on the results of the human health risk assessment prior to discharge 

into the HBHA Pond (see Figure 2-4). 

 

The implementation of Alternative GW-3 (Plume Intercept by Groundwater Extraction, 

Treatment and Discharge with Institutional Controls and Monitoring) would achieve several 

objectives through the extraction and treatment of contaminated groundwater originating from 

the Industri-plex Site.  These include plume containment; prevention of the continued discharge 

of groundwater contaminants into the HBHA Pond; prevention of the continued migration of 

groundwater contaminants through surface water and sediments to the HBHA Pond, HBHA 

wetlands, Aberjona River, and adjacent wetlands; and reduction of ecological risks observed in 

the HBHA Pond deep surface water and sediment due to contaminated groundwater 

discharges. 

 

In addition, GW-3 would incorporate in-situ enhanced bioremediation through oxygen injection 

to treat the source areas for organic contaminants (benzene) at the West Hide Pile, an area 

located outside of the capture zone of the proposed groundwater extraction system. 

 

Due to the presence of contaminants in soil throughout the site area, there will be continued 

leaching of contamination from the soil source areas that impacts groundwater such that the 

groundwater extraction system would not be expected to achieve RAOs within a reasonable 

time period.  Therefore, institutional controls to prevent groundwater withdrawals would also be 

required under Alternative GW-3 (Plume Intercept by Groundwater Extraction, Treatment and 

Discharge with Institutional Controls and Monitoring) to address potential human health risks 

and hazards associated with direct contact, inhalation, and ingestion.  

 

A summary of ARARs associated with this alternative is presented on Tables 4-11A through 4-

11C. The evaluation of this alternative against the NCP criteria is presented on Table 4-11D.  

The primary components of this alternative would include: 

 

•  Coordination with local, state, and federal agencies and property owners to design and 

construct the extraction and treatment system as well as the discharge component; 

•  Coordination with local, state, and federal agencies and property owners to develop 

property-specific deed restriction documents; 
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•  Mobilization and demobilization of required personnel and equipment to the site to 

conduct property surveys and conduct periodic sampling; 

•  Filing of deed restrictions and/or other appropriate institutional controls and providing a 

long-term maintenance program; 

•  Mobilization and demobilization of required personnel and equipment to the site for 

construction of the extraction and treatment system: 

- Property and construction surveys; 

- Installation of approximately six groundwater extraction wells (total extraction 

rate approximately equal to 200 gpm); 

- Clearing, grubbing and site prep for treatment plant; 

- Construction of treatment plant foundations and building structure; 

- Installation of underground piping from the extraction well to the treatment plant; 

- Installation, connection, startup, and testing of all extraction and treatment 

equipment; 

- Installation of oxygen injection wells and initial injection/application of the 

specified oxygen releasing compound, and  

- Site restoration. 

•  Long-term operation and maintenance of the extraction and treatment system; 

•  Long-term monitoring of groundwater, surface water, and sediments to evaluate 

effectiveness of groundwater capture and treatment; 

•  Long-term inspections to ensure that the institutional controls are being enforced, and 

•  Performance of 5-year reviews to evaluate site conditions and risks. 

 

4.2.2.4  Alternative GW-4:  Plume Intercept by In-Situ Groundwater Treatment 
and Monitoring with Institutional Controls 

 

Alternative GW-4 (Plume Intercept by In-Situ Groundwater Treatment and Monitoring with 

Institutional Controls) is an in-situ groundwater treatment alternative that incorporates two 

technologies to address both organic and inorganic contaminants in groundwater;  in-situ 

enhanced bioremediation through oxygen injection would be used to treat the source areas for 

organic contaminants (benzene, TCE, 1,2-DCA, and naphthalene) located between the East-

Central Hide Pile and the South Hide Pile in the vicinity of Atlantic Avenue, and at the West 

Hide Pile for benzene; and a permeable reactive barrier (PRB) located between the southern 

perimeter of the NSTAR (formerly Boston Edison) right-of-way and the HBHA Pond would be 
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used for the treatment of arsenic in groundwater prior to discharge to the Pond. Figure 4-1 

presents a conceptual representation of the location of the PRB and the location of the bio-

enhancement treatment area at the West Hide Pile.  

 

As with Alternative GW-3 (Plume Intercept by Groundwater Extraction, Treatment and 

Discharge with Institutional Controls and Monitoring), these two in-situ treatment processes 

together would achieve several objectives including prevention of continued migration of 

groundwater contaminants into the HBHA Pond, HBHA, and Aberjona River and reduction of 

ecological risks observed in the HBHA Pond deep surface water and sediment due to continued 

contaminated groundwater discharges.  However, due to the nature of the PRB treatment (the 

PRB would intercept groundwater as it flows to the Pond rather than actively treat it throughout 

the groundwater plume area), concentrations of arsenic in excess of the PRG would remain 

throughout the human health risk areas.  Therefore, institutional controls that prohibit 

groundwater withdrawals would be required to address potential human health risks and 

hazards associated with direct contact, inhalation, and ingestion exposures. 

 

A summary of ARARs associated with this alternative is presented on Tables 4-12A through 4-

12C. The evaluation of this alternative against the NCP criteria is presented on Table 4-12D.  

The primary components of this alternative would include: 

 

•  Coordination with local, state, and federal agencies and property owners to develop 

property-specific deed restriction documents; 

•  Mobilization and demobilization of required personnel and equipment to the site to 

conduct property surveys, perform necessary pre-design investigations, and conduct 

periodic sampling; 

•  Filing of deed restrictions and/or other appropriate institutional controls and providing a 

long-term maintenance program; 

•  Coordination with local, state, and federal agencies and property owners to design and 

construct the in-situ oxidation system and the PRB; 

•  Mobilization and demobilization of required personnel and equipment to the site for 

construction of the treatment system: 

- Property and construction surveys; 

- Installation of the bio-enhancement/oxygen injection wells and initial 

injection/application of the specified oxygen releasing compound; 
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- Clearing, grubbing and site prep for the PRB; 

- Construction of the PRB, and 

- Site restoration. 

•  Long-term maintenance of the PRB including periodic change out of the reactive wall 

material; 

•  Long-term operation and maintenance of the oxidant injection system including periodic 

injections of oxidation materials; 

•  Long-term monitoring of groundwater, surface water, and sediments to evaluate 

effectiveness of in-situ and PRB systems; 

•  Long-term inspections to ensure that the deed restrictions are being enforced, and 

•  Performance of 5-year reviews to evaluate site conditions and risks. 

 

4.2.3  Individual Analysis of Sediment Alternatives 

 

Sediment contaminated primarily with arsenic was determined to present potential current 

and/or future risks and hazards to humans at locations near the edge of the wetland (near 

shore) within the Wells G&H wetland and the Cranberry Bog Conservation Area, and potential 

future risks and hazards to humans at deeper sediment locations within isolated areas in the 

HBHA wetland and the Aberjona River channel identified through sediment core samples.  In 

addition, sediment in the HBHA Pond was determined to present unacceptable ecological risks 

to benthic invertebrates.  

 

The RAOs for sediment are as follows: 

 

HUMAN HEALTH 

► Prevent exposures associated with a HI > 1 and/or ILCR > 10-6 to 10-4 by meeting the 
associated PRGs for the following scenarios: 

● Ingestion and dermal contact of accessible arsenic and benzo(a)pyrene for current and future 
recreational land use 

● Ingestion and dermal contact of accessible arsenic for current and future recreational land use 

● Ingestion and dermal contact of arsenic for future dredging workers 
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ECOLOGICAL (HBHA Pond only) 
► Protect benthic invertebrates from toxicological impacts indicative of impairment or provide 
alternate habitat.   

► Minimize to the extent practicable, the migration of soluble and particulate arsenic during 
storm events to downstream depositional areas. 

 

 

In order to meet these RAOs, the following PRGs were established for sediments: 

 

Near Shore Sediments in the  
Cranberry Bog Conservation Area                          PRG 

HQ ILCR 

Arsenic 230 mg/kg 1 6.E-05 
        
Near Shore Sediments in the  
Wells G&H Wetland 

      

Arsenic 300 mg/kg 1 6.E-05 
Benzo(a)pyrene 4.9 mg/kg --- 1.E-05 

  Cumulative 
Risk/Hazard 

1 7.E-05 

        
Deep Sediments in the HBHA and 
Wells G&H Wetlands 

      

Arsenic 300 mg/kg 0.8 1.E-05 
        
HBHA Pond Sediments (ecological 
risk only ) 

      

Arsenic 273 mg/kg NA NA 

 

The RAOs and PRGs that were developed to address risks associated with sediment 

contamination are also presented in Table 2-4 and 2-5, respectively.  In order to meet the RAOs 

and PRGs for sediments, the following remedial alternatives were established based on the 

alternative screening presented in Section 3.0: 

 

HBHA Sediments (HBHA) 

•  Alternative HBHA-1: No Action 

•  Alternative HBHA-2: Monitoring 

•  Alternative HBHA-3: Subaqueous Cap 

•  Alternative HBHA-4: Storm Water Bypass and Sediment Retention with Partial Dredging 

and Providing an Alternate Habitat 

•  Alternative HBHA-5: Removal and Off-Site Disposal 
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Near Shore Sediments (NS) 

•  Alternative NS-1: No Action 

•  Alternative NS-2: Institutional Controls 

•  Alternative NS-3: Monitoring with Institutional Controls 

•  Alternative NS-4: Removal and Off-Site Disposal 

 

Deep Sediments (DS) 

•  Alternative DS-1: No Action 

•  Alternative DS-2: Monitoring with Institutional Controls 

•  Alternative DS-3: Removal and Off-Site Disposal 

 

The individual analysis of sediment alternatives and a general description of the major 

components of each alternative are provided in the following sections.  It should be noted that, 

in some cases, the ability of alternatives to address contaminated sediments in the HBHA Pond 

are dependent upon the alternative that is selected to address groundwater contamination, 

since contaminated groundwater discharges are the source of sediment contamination.  Where 

applicable, these contingencies are noted in the detailed analysis of sediment alternatives. 

 

4.2.3.1  Alternative HBHA-1:  No Action 

 

Under this alternative, no remedial technologies would be implemented to reduce arsenic 

concentrations within the sediments of the HBHA Pond.  No degradation of arsenic is 

anticipated from naturally occurring processes within the HBHA Pond, therefore no reduction in 

ecological risk would be achieved.  Five-year reviews would be required if this alternative were 

to be implemented.   

 

A summary of ARARs associated with this alternative is presented on Tables 4-13A through 4-

13C. The evaluation of this alternative against the NCP criteria is presented on Table 4-13D. 

 

4.2.3.2  Alternative HBHA-2:  Monitoring 

 

Alternative HBHA-2 (Monitoring) incorporates long-term monitoring to evaluate possible 

changes to the nature and extent and migration patterns of contaminated sediments and risks 

to benthic invertebrates over time.   Alternative HBHA-2 (Monitoring) would not address 
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ecological risks or control the migration of contaminated sediments to downstream areas.  

However, if contaminated groundwater discharges are eliminated (through interception of the 

groundwater contaminant plume before it reaches the Pond, as provided by Alternative GW-3 

or GW-4), natural processes such as biodegradation of organic contaminants and 

sedimentation and burial of inorganic contaminants may eventually reduce the exposure risks, 

toxicity, and mobility of the benzene and arsenic that is currently located in sediments at the 

Pond bottom. 

 

A summary of ARARs associated with this alternative is presented on Tables 4-14A through 4-

14C. The evaluation of this alternative against the NCP criteria is presented on Table 4-14D.  

The primary components of this alternative would include: 

 

•  Coordination with local, state, and federal agencies and property owners to develop 

long-term monitoring requirements; 

•  Mobilization and demobilization of required personnel and equipment to the site to 

conduct periodic sampling; 

•  Long-term monitoring of groundwater, surface water, and sediments to evaluate 

contaminant status, migration, and potential impact to biota, and 

•  Performance of 5-year reviews to evaluate site conditions and risks. 

 

4.2.3.3  Alternative HBHA-3:  Subaqueous Cap 

 

Alternative HBHA-3 (Subaqueous Cap) does not involve treatment or removal, but provides 

protection of the environment from contaminated sediments by preventing or controlling direct 

contact exposures to benthic invertebrates and by preventing migration of contaminated 

sediments to downstream areas.  Alternative HBHA-3 (Subaqueous Cap) includes the 

placement of a subaqueous cap consisting of a geotextile layer covered with clean permeable 

soil materials over contaminated sediments at the base of the HBHA Pond, creating a new 

benthic habitat and an effective barrier from existing sediment contaminants.  Alternative 

HBHA-3 (Subaqueous Cap) would address ecological risks, but would not address the source 

of contamination (i.e. groundwater discharges) which could, over time, result in recontamination 

of the clean cap materials if a plume intercept alternative is not utilized to address groundwater. 
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A summary of ARARs associated with this alternative is presented on Tables 4-15A through 4-

15C. The evaluation of this alternative against the NCP criteria is presented on Table 4-15D.  

The primary components of this alternative would include: 

 

•  Coordination with local, state, and federal agencies and property owners to design and 

construct the subaqueous cap; 

•  Mobilization and demobilization of required personnel and equipment to the site for 

construction of the subaqueous cap: 

- Limited clearing and grubbing for equipment and materials laydown areas; 

- Installation of silt curtains, sedimentation booms and other equipment to prevent 

downstream migration of sediments during cap placement; 

- Dewatering of the pond, treatment and discharge of dewatering liquids; 

- Placement of cap materials. 

•  Long-term inspections and maintenance of the cap to ensure erosional forces have not 

deteriorated the cap’s thickness thus reducing its effectiveness; 

•  Long-term monitoring of groundwater, surface water, sediments and biota to evaluate 

cap effectiveness and re-colonization of biota on the cap surface, and 

•  Performance of 5-year reviews to evaluate site conditions and risks. 

 

4.2.3.4  Alternative HBHA-4:  Storm Water Bypass and Sediment Retention With 
  Partial Dredging and Providing an Alternate Habitat 
 

Alternative HBHA-4 (Storm Water Bypass and Sediment Retention with Partial Dredging and 

Providing an Alternate Habitat) involves partial removal of contaminated sediments and reduces 

the mobility of soluble and particulate arsenic that is released from the HBHA Pond during 

storm events to downstream depositional areas.  In the portion of the HBHA Pond where 

contaminated sediments are dredged, this alternative would protect the environment by 

preventing exposure of benthic invertebrates to contaminated sediments.  This alternative 

would not protect the environment in the northernmost portion of the HBHA Pond, which would 

be used as a sediment retention area.   

 

Alternative HBHA-4 (Storm Water Bypass and Sediment Retention with Partial Dredging and 

Providing an Alternate Habitat) would involve the construction of two low-head cofferdams 

designed to divide the HBHA Pond into three main areas.  The northernmost area of the HBHA 
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Pond, into which contaminated groundwater would be permitted to discharge, would be isolated 

from the southern portions of the HBHA Pond by the northern cofferdam.  Contaminated 

sediments would not be dredged from this area, and it would be utilized as a sediment retention 

area that would prevent the migration of contaminated sediment to the south.  A second 

cofferdam would be constructed to the south to create a secondary treatment zone that would 

be utilized to “polish” surface water that leaves the sediment retention area through the use of 

aeration and sedimentation.  Contaminated sediments would be dredged from this area as 

necessary, which would also serve as a back-up retention area in the event that high flows or 

other unforeseen circumstances cause excessive arsenic loading to flow over the first 

cofferdam. 

 

A second component of Alternative HBHA-4 (Storm Water Bypass and Sediment Retention with 

Partial Dredging and Providing an Alternate Habitat) would be the diversion of storm flow from 

Halls Brook to avoid high flow volumes into the sediment retention area that would break down 

the chemocline.  Stormwater flow that would otherwise enter the northern portion of the HBHA 

Pond would instead be diverted to the south of the cofferdams so that base flow conditions are 

maintained in the sediment retention area.  By retaining base flow conditions in the sediment 

retention area, the downstream migration of contaminated sediment that currently occurs during 

storm events would be prevented.  

 

Contaminated sediments containing arsenic at concentrations exceeding the PRG would be 

dredged from the portions of the HBHA Pond located to the south of the northern cofferdam 

(this includes the secondary treatment area as well as the southern portion of the HBHA Pond 

up to its outlet to the Halls Brook Holding Area).  Hydraulic dredging methods would be utilized 

to permanently remove contaminated sediments from these areas of the HBHA Pond.  

Sediments would be dewatered and transported to an approved licensed disposal facility.  

Periodic dredging in the sediment retention area would also be a component of this remedy to 

prevent excessive accumulation of sediments and maintain the integrity of the chemocline and 

the function of the sediment retention area. 

 

As part of Alternative HBHA-4 (Storm Water Bypass and Sediment Retention with Partial 

Dredging and Providing an Alternate Habitat), an impermeable liner would be placed along  a 

section of the New Boston Street Drainway to prevent arsenic-contaminated groundwater from 

discharging into the New Boston Street Drainway.  The contaminated groundwater discharges 
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could contaminate sediments in the channel and ultimately enable the transport of 

contaminated sediment into the southern portion of the HBHA Pond (the portion of the Pond 

from which contaminated sediments would be removed) during storm events. 

 

Alternative HBHA-4 (Storm Water Bypass and Sediment Retention with Partial Dredging and 

Providing an Alternate Habitat) would also involve stabilization of the northern banks of the 

HBHA Pond, located along the southern boundary of the Boston Edison right-of-way (A6 area) 

and adjacent to the railroad right of-way west f the HBHA Pond.  This action would prevent soils 

contaminated with arsenic exceeding the HBHA Pond sediment PRG of 273 mg/kg from 

eroding into the northern portion of the Pond and contributing to the contaminated sediment 

load in the system.  

 

In order to compensate for the habitat loss that would occur from the use of the northern portion 

of the HBHA Pond as a sediment retention area, Alternative HBHA-4 (Storm Water Bypass and 

Sediment Retention with Partial Dredging and Providing an Alternate Habitat) would involve 

wetland compensation to provide an alternate habitat for the impacted aquatic receptors. 

 

Figure 4-3 presents a conceptual representation of HBHA-4 (Storm Water Bypass and 

Sediment Retention with Partial Dredging and Providing an Alternate Habitat) including the 

location of the storm water bypass structure, the cofferdams, and the soil/sediment erosion 

areas of concern.  A summary of ARARs associated with this alternative is presented on Tables 

4-16A through 4-16C. The evaluation of this alternative against the NCP criteria is presented on 

Table 4-16D.  The primary components of this alternative would include: 

   

•  Coordination with local, state, and federal agencies and property owners to design and 

construct the alternative; 

•  Conducting studies to locate property suitable for the construction of a compensatory 

wetland; 

•  Placing impermeable liner over approximately 1,000 linear feet of open channel along 

the southern section of the New Boston Street Drainway. 

- Limited clearing and grubbing for equipment and materials laydown areas; 

- Installation of sedimentation controls and installation of stream pump-around 

equipment; 
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- Constructing a temporary support area for water treatment and dredge spoil 

stockpiling areas; 

- Excavation of stream bed sediments; 

- Installation of impermeable liner; and 

- Backfill of stream bed with stone and transition liner to existing geotextile cap. 

•  Mobilization and demobilization of required personnel and equipment to the site for 

construction of the permeable cover over the A6-area soils: 

- Conducting a pre-design investigation to delineate the limits of contamination 

requiring remediation; 

- Clearing and grubbing and limited subgrade preparation 

- Placement of a geotextile or other engineered barrier to prevent direct contact 

with the soil; and 

- Placement of backfill and revegetation. 

•  Filing of deed restrictions and providing a long-term maintenance program and/or other 

appropriate institutional controls; 

•  Mobilization and demobilization of required personnel and equipment to the site to 

construct the sediment retention area, construct the storm water bypass system, dredge 

contaminated sediments, and compensatory mitigation for wetland and stream losses: 

- Limited clearing and grubbing for equipment and materials laydown areas; 

- Installation of silt curtains sedimentation booms and other equipment to prevent 

downstream migration of sediments during construction in the pond and during 

dredging; 

- Construction of  the dual low-head cofferdams; 

- Installation of aeration system; 

- Construction of the storm water by-pass structure at the mouth of Halls Brook; 

- Constructing temporary support area for water treatment and dredge spoil 

stockpiling areas; 

- Dredging of approximately 6,200 cubic yards of contaminated sediments in the 

southern portion of the HBHA Pond; 

- Continuous treatment of water generated during sediment dredging; 

- Dewatering and off-site disposal of dredged sediments; 

- Replacement of wetland substrate that was removed; 

- Restoration of all areas impacted during construction, and 

- Construction of the compensatory wetland. 
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•  Long-term inspections and maintenance of the low-head cofferdams and storm water 

by-pass structure; 

•  Long-term maintenance and inspections and periodic removal of accumulated 

sediments from the sediment retention portion of the HBHA Pond; 

•  Long-term monitoring of groundwater, surface water, sediments and biota to evaluate 

alternative effectiveness and re-colonization of biota in the dredged area, and 

•  Performance of 5-year reviews to evaluate site conditions and risks. 

 

4.2.3.5  Alternative HBHA-5:  Removal and Off-Site Disposal 

 

Under this alternative, all contaminated sediments in the HBHA Pond that exceed the arsenic 

PRG (273 mg/kg) would be removed using hydraulic dredging methods, dewatered, and 

transported offsite for disposal at an approved licensed facility.  This alternative would provide 

permanent elimination of risks to ecological receptors resulting from exposures to contaminated 

sediments in the HBHA Pond, but would not address the source of contamination (i.e. 

groundwater discharges from the Industri-plex Site) which could result in recontamination of the 

uncontaminated underlying or replacement substrate following dredging.  In order for this 

alternative to be effective in the long term, a plume intercept alternative would need to be 

implemented to address contaminated groundwater discharges to the HBHA Pond so that the 

dredged portions of the Pond are not recontaminated.  

 

In addition, Alternative HBHA-5 (Removal and Off-Site Disposal) would prevent arsenic-

contaminated groundwater from discharging into the New Boston Street Drainway, which 

eventually discharges to Halls Brook, and would prevent arsenic-contaminated soils located 

along the southern boundary of the Boston Edison right-of-way (A6 area) from eroding into the 

northern portion of the HBHA Pond and contributing to the contaminated sediment load in the 

system. 

 

A summary of ARARs associated with this alternative is presented on Tables 4-17A through 4-

17C. The evaluation of this alternative against the NCP criteria is presented on Table 4-17D.  

The primary components of this alternative would include: 

 

•  Coordination with local, state, and federal agencies and property owners to design and 

implement the alternative; 
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•  Placing an impermeable liner over approximately 1,000 linear feet of open channel 

along the southern section of the New Boston Street Drainway. 

- Limited clearing and grubbing for equipment and materials laydown areas; 

- Installation of sedimentation controls and installation of stream pump-around 

equipment; 

- Constructing a temporary support area for water treatment and dredge spoil 

stockpiling areas; 

- Excavation of stream bed sediments; 

- Installation of impermeable liner; and 

- Backfill of stream bed with stone and transition liner to existing geotextile cap. 

•  Mobilization and demobilization of required personnel and equipment to the site for 

construction of the permeable cover over the A6-area soils: 

- Conducting a pre-design investigation to delineate the limits of contamination 

requiring remediation; 

- Clearing and grubbing and limited subgrade preparation; 

- Placement of a geotextile or other engineered barrier to prevent direct contact 

with the soil; and 

- Placement of backfill and revegetation. 

•  Filing of deed restrictions and/or other appropriate institutional controls and providing a 

long-term maintenance program; 

•  Mobilization and demobilization of required personnel and equipment to the site to 

dredge contaminated sediments: 

- Limited clearing and grubbing for equipment and materials laydown areas; 

- Installation of silt curtains sedimentation booms and other equipment to prevent 

downstream migration of sediments during dredging; 

- Constructing a temporary support area for water treatment and dredge spoil 

stockpiling areas; 

- Dredging of approximately 9,400 cubic yards of in-place contaminated 

sediments; 

- Continuous treatment of water generated during sediment dredging; 

- Dewatering and off-site disposal of dredged sediments; 

- Replacement of wetland substrate that was removed, and 

- Restoration of all areas impacted during construction. 
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•  Long-term monitoring of groundwater, surface water, sediments and biota to evaluate 

alternative effectiveness and re-colonization of biota in the dredged area; and 

•  Performance of 5-year reviews to evaluate site conditions and risks and monitor the 

effectiveness of the impermeable and permeable covers. 

 

4.2.3.6  Alternative NS-1:  No Action 

 

Under this alternative, no remedial technologies would be implemented to reduce arsenic 

concentrations in sediments within the near shore areas.  These areas are located in the Well 

G&H wetland and the Cranberry Bog Conservation Area (see Figure 2-5b and 2-5c, 

respectively). This alternative would not reduce the risks to human health and would require the 

five-year reviews to periodically address site conditions and risks. 

 

A summary of ARARs associated with this alternative is presented on Tables 4-18A through 4-

18C. The evaluation of this alternative against the NCP criteria is presented on Table 4-18D.  

 

4.2.3.7  Alternative NS-2:  Institutional Controls  

 

Alternative NS-2 (Institutional Controls) is an alternative that does not involve treatment or 

removal, but provides protection of human health by preventing or controlling potential 

exposures to contaminated sediment through installation of fencing to restrict access to 

contaminated sediment and through the imposition of institutional controls on impacted 

properties to prevent activities that might result in unacceptable exposures to contaminated 

near-shore sediments. Institutional controls would take the form of deed restrictions whereby 

land use would be restricted and excavations in this area would be prohibited unless adequate 

precautions (engineering controls, PPE) were taken to minimize or prevent direct contact with 

contaminated sediment during removal activities. 

 

Alternative NS-2 (Institutional Controls) would achieve no risk reduction beyond that which 

would be provided by restricting access to contaminated near-shore sediments.  A summary of 

ARARs associated with this alternative is presented on Tables 4-19A through 4-19C. The 

evaluation of this alternative against the NCP criteria is presented on Table 4-19D.  The primary 

components of this alternative would include: 
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•  Coordination with local, state, and federal agencies and property owners to develop 

property-specific deed restriction documents; 

•  Mobilization and demobilization of required personnel and equipment to the site to 

conduct property surveys, fencing design, and fencing installation; 

•  Filing of deed restrictions and/or other appropriate institutional controls and providing a 

long-term maintenance program; 

•  Long-term inspections by local, state, and federal agencies to ensure that the fencing is 

being maintained properly and that the deed restrictions are being enforced; and 

•  Performance of 5-year reviews to evaluate site conditions and risks. 

 

4.2.3.8  Alternative NS-3:  Monitoring with Institutional Controls 

 

Alternative NS-3 (Monitoring with Institutional Controls) incorporates long-term monitoring to 

evaluate possible changes to the nature and extent and migration patterns of contaminated 

sediments in the near-shore areas combined with institutional controls as a remedy for near-

shore contaminated sediment.   Natural processes that may reduce the potential exposures and 

risks may include burial of the contaminated sediments by accumulation of uncontaminated 

sediments thus limiting the accessibility and risks due to direct contact exposures.  Under this 

alternative, institutional controls would also be implemented to prevent future exposures to 

contaminated sediment in the vicinity of sampling stations where potential human health risks 

and hazards were identified.  Finally, installation of a permanent barrier (i.e. chain link fence) 

would prevent access to contaminated sediments and human health risks associated with 

recreational exposures through direct contact.   

 

A summary of ARARs associated with this alternative is presented on Tables 4-20A through 4-

20C. The evaluation of this alternative against the NCP criteria is presented on Table 4-20D.  

The primary components of this alternative would include: 

 

•  Coordination with local, state, and federal agencies and property owners to develop 

property-specific deed restriction documents and long-term monitoring requirements; 

•  Mobilization and demobilization of required personnel and equipment to the site to 

conduct property surveys, fencing design, and fencing installation; 
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•  Filing of deed restrictions and/or other appropriate institutional controls and providing a 

long-term maintenance program; 

•  Long-term inspections by local, state, and federal agencies to ensure that the fencing is 

being maintained properly and that the deed restrictions are being enforced; 

•  Long-term monitoring of surface water, and sediments to evaluate contaminant status 

and migration; and 

•  Performance of 5-year reviews to evaluate site conditions and risks. 

 

4.2.3.9  Alternative NS-4:  Removal and Off-Site Disposal 

 

Under this alternative, all near-shore contaminated sediments exceeding the arsenic PRG will 

be removed using mechanical excavation methods, dewatered, and transported offsite for 

disposal at an approved licensed facility.  This alternative would provide permanent elimination 

of risks to humans resulting from exposures to contaminated near-shore sediments.   

 

A summary of ARARs associated with this alternative is presented on Tables 4-21A through 4-

21C. The evaluation of this alternative against the NCP criteria is presented on Table 4-21D.  

The primary components of this alternative would include: 

 

•  Coordination with local, state, and federal agencies and property owners to design and 

implement the alternative; 

•  Mobilization and demobilization of required personnel and equipment to the site to 

excavate contaminated sediments: 

- Limited clearing and grubbing for haul roads and equipment and materials 

laydown areas; 

- Installation of silt curtains sedimentation booms and other equipment to prevent 

downstream migration of sediments during excavation; 

- Constructing a temporary support area for water treatment and excavation spoil 

dewatering and stockpiling areas; 

- Installing cofferdams or other means to hydraulically isolate excavation area from 

the open water portions of the wetland; 

- Dewatering excavations, as necessary; 
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- Excavating approximately 2,340 cubic yards of contaminated sediments (2,114 

cubic yards from the Wells G&H wetland areas and 226 cubic yards from the 

Cranberry Bog Conservation Area); 

- Treatment and wetland discharge of water generated during excavation and 

sediment dewatering; 

- Dewatering and off-site disposal of excavated sediments; 

- Constructing a transition zone permeable barrier separating contaminated 

sediments from clean/restored sediments and minimizing potential for 

recontamination during storm events; 

- Collecting and analyzing confirmatory sediment samples; 

- Replacement of wetland substrate and vegetation that was removed; and 

- Restoration of all areas impacted during construction; 

•  Short-term monitoring of biota to evaluate re-colonization of biota in the dredged area 

and revegetation; and 

•  Performance of 5-year reviews to evaluate site conditions, potential re-contamination, 

and associated risks. 

 

4.2.3.10 Alternative DS-1:  No Action 

 

Under this alternative, no remedial technologies would be implemented to reduce arsenic 

concentrations in sediments located in deeper sediment cores collected in the river channel 

(see Figure 2-5d) .  This alternative would not reduce the risks to human health and would 

require the performance of five-year reviews. 

 

A summary of ARARs associated with this alternative is presented on Tables 4-22A through 4-

22C. The evaluation of this alternative against the NCP criteria is presented on Table 4-22D. 

 

4.2.3.11 Alternative DS-2:  Monitoring with Institutional Controls 

 

Alternative DS-2 (Monitoring with Institutional Controls) would address risks from future 

exposures to deep sediments by dredging workers through the use of institutional controls.  

Generally, these sediments are not accessible to humans except for in a dredging scenario, 

therefore prohibitions or restrictions on dredging would be an effective deterrent to potential 

future exposures to sediment in the deep sediment human health risk areas (Figure 2-5D).  
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Institutional controls would take the form of deed restrictions whereby dredging in these areas 

would be prohibited unless regulatory oversight and adequate precautions (e.g. engineering 

controls, PPE, etc.) were taken to minimize or prevent direct contact with contaminated 

sediment during dredging activities.  

 

A summary of ARARs associated with this alternative is presented on Tables 4-23A through 4-

23C. The evaluation of this alternative against the NCP criteria is presented on Table 4-23D.  

The primary components of this alternative would include: 

 

•  Coordination with local, state, and federal agencies and property owners to develop 

property-specific deed restriction documents; 

•  Mobilization and demobilization of required personnel and equipment to the site to 

conduct property surveys; 

•  Filing of deed restrictions and/or other appropriate institutional controls; 

•  Long-term inspections by local, state, and federal agencies to ensure that the deed 

restrictions are being enforced; and 

•  Performance of 5-year reviews to evaluate site conditions, potential re-contamination, 

and associated risks. 

 

4.2.3.12 Alternative DS-3: Removal and Off-Site Disposal 

 

Under this alternative, all deep sediments associated with sediment core sample locations 

exceeding the arsenic PRG will be removed using mechanical excavation methods, dewatered, 

and transported offsite for disposal at an approved licensed facility.  This alternative would 

provide permanent elimination of risks and hazards to humans resulting from exposures to 

contaminated deep sediment.   

 

A summary of ARARs associated with this alternative is presented on Tables 4-24A through 4-

24C. The evaluation of this alternative against the NCP criteria is presented on Table 4-24D.  

The primary components of this alternative would include: 

 

•  Coordination with local, state, and federal agencies and property owners to design and 

implement the alternative; 
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•  Mobilization and demobilization of required personnel and equipment to the site to 

dredge contaminated sediments: 

- Limited clearing and grubbing for equipment and materials laydown areas; 

- Installation of silt curtains sedimentation booms and other equipment to prevent 

downstream migration of sediments during dredging; 

- Constructing a temporary support area for water treatment and dredge spoil 

stockpiling areas; 

- Dredging of approximately 160,000 cubic yards of in-place contaminated 

sediments; 

- Continuous treatment of water generated during sediment dredging; 

- Dewatering and off-site disposal of dredged sediments; 

- Replacement of wetland substrate that was removed, and 

- Restoration of all areas impacted during construction. 

•  Long-term monitoring of groundwater, surface water, sediments and biota to evaluate 

alternative effectiveness and re-colonization of biota in the dredged area, and; 

•  Performance of 5-year reviews to evaluate site conditions, potential re-contamination, 

and associated risks. 

 

4.2.4  Individual Analysis of Surface Water Alternatives 

 

Contaminated surface water in the deeper portion of the HBHA Pond was determined to 

present unacceptable risks to aquatic organisms.  Surface water in the HBHA Pond is also the 

principal transport process causing the migration of soluble arsenic and arsenic contaminated 

sediments to downstream areas.  To address these risks, the following RAOs was developed 

for surface water in the HBHA Pond:  

 

►  Protect aquatic life from arsenic and benzene above levels indicative of impairment or 
provide alternate habitat.  Meet ARARs for the protection of aquatic life. 

 

In order to meet the surface water RAO, the following PRGs were established: 

 

Contaminant PRG  HQ ILCR 
Arsenic 150 µg/L Not Applicable Not Applicable 
Benzene 46 µg/L Not Applicable Not Applicable 
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The RAOs and PRGs for surface water are also presented in Table 2-4 and 2-5, respectively. In 

order to meet the RAOs and PRGs for surface water, the following remedial alternatives were 

established based on the alternative screening presented in Section 3.0: 

 

•  Alternative SW-1: No Action 

•  Alternative SW-2: Monitoring 

•  Alternative SW-3: Monitoring and Providing an Alternate Habitat 

 

The individual analysis and a general description of the major components of each alternative 

are provided in the following sections. 

 

4.2.4.1  Alternative SW-1:  No Action 

 

Under this alternative, no remedial technologies would be implemented to reduce arsenic and 

benzene concentrations within deep surface water of the HBHA Pond.  The alternative would 

not limit potential ecological exposures to contaminated surface water. This alternative does not 

reduce ecological risks nor prevent the downstream migration of arsenic contaminated 

sediments and would require the performance of 5-year reviews.  A summary of ARARs 

associated with this alternative is presented on Tables 4-25A through 4-25C. The evaluation of 

this alternative against the NCP criteria is presented on Table 4-25D. 

 

4.2.4.2  Alternative SW-2:  Monitoring 

 

Alternative SW-2 (Monitoring) is an alternative that involves no active treatment, but monitors 

the status of contamination that may or may not be attenuated by natural processes or other 

selected groundwater and sediment remedial alternatives.  Although degradation of organic 

contaminants in the deeper surface water of the HBHA Pond is anticipated through natural 

processes, the degradation of arsenic is not expected unless the sources of contamination (i.e. 

groundwater discharges and arsenic dissolution from contaminated sediments) are eliminated 

through implementation of a plume intercept alternative and a sediment removal alternative that 

addresses the northern portion of the Pond.  If contaminated groundwater discharges to the 

Pond are prevented and the existing sediment load in the northern portion of the Pond are 
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removed, arsenic may be converted to a less bioavailable or toxic form, thereby reducing the 

impairment effects to aquatic organisms resulting from contaminated surface water.  

 

As such, this alternative would not be fully protective of the environment (i.e. aquatic 

organisms) unless implemented in conjunction with other media-specific alternatives whereby 

the sources of contamination (i.e. groundwater discharges and arsenic dissolution from 

contaminated sediments) are eliminated.   

 

A summary of ARARs associated with this alternative is presented on Tables 4-26A through 4-

26C. The evaluation of this alternative against the NCP criteria is presented on Table 4-26D.  

The primary components of this alternative would include: 

 

•  Coordination with local, state, and federal agencies and property owners to develop 

monitoring requirements; 

•  Mobilization and demobilization of required personnel and equipment to the site to 

conduct periodic sampling of surface water, and perform toxicity testing, and 

•  Performance of 5-year reviews to evaluate site conditions and risks. 

 

4.2.4.3  Alternative SW-3:  Monitoring and Providing an Alternate Habitat 

 

The monitoring component of Alternative SW-3 (Monitoring and Providing an Alternate Habitat) 

is identical to that which is included in Alternative SW-2.  As discussed above, unless the 

sources of contamination (i.e. contaminated groundwater and sediments) are addressed 

through other media-specific alternatives, natural processes are not expected to attenuate 

contaminants to concentrations that do not reflect impairment to aquatic organisms.  To 

mitigate the loss of aquatic habitat within the affected area (see Figure 2-6) and meet the RAO, 

a similar wetland would be constructed to compensate for the loss and to maintain the inventory 

of the benthic community within the watershed.   

 

A summary of ARARs associated with this alternative is presented on Tables 4-27A through 4-

27C. The evaluation of this alternative against the NCP criteria is presented on Table 4-27D.  

The primary components of this alternative would include: 
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•  Coordination with local, state, and federal agencies and property owners to develop 

monitoring requirements and design the compensatory wetland; 

•  Conduct studies to locate the compensatory wetland ; 

•  Acquisition of land for the compensatory wetland; 

•  Mobilization and demobilization of required personnel and equipment to the site to 

conduct property surveys, construct the wetlands, and conduct periodic sampling; 

•  Construct the compensatory wetland 

- Clear and grub site; 

- Excavate to design grades; 

- Construct flow control structures; 

- Backfill with designed wetland substrates, and 

- Plant vegetation; 

•  Long-term monitoring of groundwater, surface water, and sediments to evaluate 

contaminant status and migration; 

•  Long-term monitoring and maintenance of compensatory wetland to ensure vegetation 

and biota are established; and 

•  Performance of 5-year reviews to evaluate site conditions and risks. 

 

4.3  Comparative Analysis of Alternatives 

 

This section presents an evaluation of the relative performance of each alternative, by medium, 

with regards to key elements of the seven NCP evaluation criteria.  These criteria include: 

 

•  Overall Protection of Human Health and the Environment 

•  Compliance with ARARs 

•  Long-Term Effectiveness and Permanence 

•  Reduction of Toxicity, Mobility, or Volume Through Treatment 

•  Short-Term Effectiveness 

•  Implementability 

•  Cost 
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Comparisons were made between each alternative within a given medium for the specific 

criterion. These comparisons are discussed in the following sections and are summarized in 

Tables 4-28A through 4-28G. 

 

4.3.1  Comparative Analysis of Surface Soil Alternatives 

 

As part of the detailed analysis, this section presents an evaluation of the relative performance 

of each surface soil alternative with regards to seven of the nine NCP evaluation criteria and is 

used in the selection of a remedial alternative by evaluating the advantages and disadvantages 

of each alternative in comparison to the NCP criteria.   

 

Surface soils did not pose any unacceptable risks to the environment.  Consequently, only 

human health risks and hazards are specifically addressed by the selected remedial 

alternatives. However, the remedial activities may have a secondary benefit of further reducing 

potential environmental impacts caused by the migration or erosion of contaminated surface 

soils. 

 

4.3.1.1  Overall Protection of Human Health and the Environment 

 

Alternative SS-1 (No Action) offers no protection of human health or the environment because 

no actions would be taken at the site.  RAOs would not be achieved with Alternative SS-1 (No 

Action). 

 

Alternative SS-2 (Institutional Controls with Monitoring) would provide protection from exposure 

to contaminated soils provided that institutional controls are able to be adequately enforced.  

Currently, groundwater conditions at this area do not pose a risk or hazard to human health or a 

risk to the environment.  Monitoring would ensure that groundwater conditions are periodically 

evaluated to determine if these conditions change as a result of the contaminated soils that 

would be left in-place.   

 

Alternative SS-3 (Permeable Cover and Monitoring with Institutional Controls) would provide 

enhanced protection over SS-2 since a permeable cover or barrier would further restrict 

exposure to the soils, provided the barrier is not breached from activities such as construction 

excavations.  Alternative SS-3 (Permeable Cover and Monitoring with Institutional Controls) is 
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similar to the soil remedial alternative selected under the 1986 OU-1 ROD for Industri-plex. 

Alternative SS-3 (Permeable Cover and Monitoring with Institutional Controls) would also 

require institutional controls in order to protect the integrity of the cover by providing for long-

term maintenance and restrictions on land use and monitoring to evaluate changes to 

groundwater conditions potentially resulting from soil impacts. 

 

Alternative SS-4 (Excavation and Off-Site Disposal) and Alternative SS-5 (Excavation, 

Treatment, and On-Site Reuse) provide the highest level of protection to human health (and the 

environment) because all contamination exceeding the specified PRG would either be removed 

from the site or treated to remove the contaminant, and reused as backfill. 

 

4.3.1.2  Compliance with ARARs 

 

Risk-based PRGs were developed based on human health risk guidance and other TBC 

advisories.  Alternative SS-1 (No Action) would not comply with these TBCs.   

 

Alternatives SS-2 (Institutional Controls with Monitoring), SS-3 (Permeable Cover with 

Institutional Controls), SS-4 (Excavation and Off-Site Disposal), and Alternative SS-5 

(Excavation, Treatment, and On-Site Reuse) would comply with all ARARs and TBCs.  

 

4.3.1.3  Long-Term Effectiveness and Permanence 

 

Alternative SS-1 (No Action) does not provide any long-term effectiveness or permanence. 

Alternative SS-2 (Institutional Controls with Monitoring) would provide long-term effectiveness 

and permanence provided that institutional controls include enforceable, deeded, land-use 

restrictions or other appropriate institutional controls. This alternative would require periodic 

inspections to ensure that the institutional controls are adequate to achieve RAOs. 

 

Alternative SS-3 (Permeable Cover and Monitoring with Institutional Controls) would also 

provide long-term effectiveness and permanence providing the permeable cover is not 

breached.  As with Alternative SS-2 (Institutional Controls with Monitoring), the magnitude of 

residual risk would be moderate since Alternative SS-3 (Permeable Cover and Monitoring with 

Institutional Controls) requires institutional controls that include enforceable, deeded, land-use 

restrictions or other appropriate institutional controls and inspections by regulatory authorities to 



 DRAFT FINAL 

RI051270DF 4-44              Tetra Tech NUS, Inc. 

ensure that the institutional controls are remaining in effect.  The reliability of institutional 

controls is dependent upon the degree of regulatory enforcement through inspections, 

oversight, and taking additional measures as necessary. 

 

Alternatives SS-4 (Excavation and Off-Site Disposal) and SS-5 (Excavation, Treatment, and 

On-Site Reuse) provide the highest degree of long-term effectiveness and permanence 

because the contaminants would be completely removed from the site. If, however, pre-design 

investigations determine that soil contamination exists under building foundations that exceed 

the PRG, then institutional controls would be required for soils under the building until such time 

that the contaminated soils are removed, for example following building demolition. The 

magnitude of residual risks in Alternatives SS-4 (Excavation and Off-Site Disposal) and SS-5 

(Excavation, Treatment, and On-Site Reuse) would be low. 

 

4.3.1.4  Reduction of Toxicity, Mobility, or Volume Through Treatment 

 

Alternative SS-1 (No Action), Alternative SS-2 (Institutional Controls with Monitoring), and 

Alternative SS-3 (Permeable Cover and Monitoring with Institutional Controls) would not provide 

any treatment of contaminants.   

 

Alternative SS-4 (Excavation and Off-Site Disposal) may provide limited off-site treatment, if 

necessary to qualify for land disposal at a licensed landfill.   

 

Only Alternative SS-5 (Excavation, Treatment, and On-Site Reuse) provides for the reduction of 

toxicity and mobility of the contaminants through treatment by using acid extraction to remove 

arsenic from the soils.  Volume is not affected since the “cleaned” soils will be reused as 

backfill. Concentrated arsenic-contaminated rinsate from the acid extraction process would 

require off-site treatment and disposal. 

 

4.3.1.5  Short-Term Effectiveness 

 

Because Alternative SS-1 (No Action) would not require any action, there would be no short-

term impacts to the community or to onsite workers.  Since no onsite actions are required under 

Alternative SS-2 (Institutional Controls), there would be no impacts to the community or to 

workers.  Although Alternative SS-2 (Institutional Controls with Monitoring) would not have 
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health-related impacts to the community or workers, it would have some limited impacts to 

property owners since the imposition of institutional controls would restrict land use and require 

property owners to maintain otherwise unrestricted open land.  

 

Alternative SS-3 (Permeable Cover with Institutional Controls), Alternative SS-4 (Excavation 

and Off-Site Disposal), and Alternative SS-5 (Excavation, Treatment, and On-Site Reuse) 

would have the most short-term impacts on the community.  Impacts to workers would be 

minimal since construction activities would be completed in accordance with appropriate health 

and safety procedures. Potential risks and hazards associated with fugitive dust emissions 

would be addressed with prescribed engineering controls. No adverse environmental impacts 

are anticipated from any alternative.  Other non-health related impacts would result from 

inconveniences in traffic control during construction and/or excavation activities.   

 

Alternative SS-2 (Institutional Controls with Monitoring) and Alternative SS-3 (Permeable Cover 

and Monitoring with Institutional Controls) may take the longest to implement due to potential 

delays associated with inaugurating the actual institutional controls and deed attachment 

documents.  Alternative SS-4 (Excavation and Off-Site Disposal) and Alternative SS-5 

(Excavation, Treatment, and On-Site Reuse) would take the shortest time to implement and 

achieve the RAOs. 

 

RAOs for protection of human health would be achieved as soon as the institutional controls are 

implemented for Alternative SS-2 (Institutional Controls with Monitoring) and SS-3 (Permeable 

Cover with Institutional Controls) as well as its installation of the permeable cover, and upon 

completion and removal (and/or treatment) of soils for Alternative SS-4 (Excavation and Off-

Site Disposal) and Alternative SS-5 (Excavation, Treatment, and On-Site Reuse). 

 

4.3.1.6  Implementability 

 

Alternative SS-1 (No Action) would be the easiest to implement because there are no remedial 

actions required. 

 

Alternative SS-2 (Institutional Controls with Monitoring) would be the next easiest to implement. 

 Although, as discussed above, potential delays may be encountered with the inauguration of 

the actual institutional controls and deed attachment documents.  
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Alternative SS-3 (Permeable Cover with Institutional Controls), Alternative SS-4 (Excavation 

and Off-Site Disposal), and Alternative SS-5 (Excavation, Treatment, and On-Site Reuse) 

would be more difficult than the other alternatives due to the number of additional construction 

tasks required and the potential construction coordination problems.  These additional tasks are 

basic construction methods and procedures that involve survey, excavation, and backfill.  

Installation of a permeable cover, such as a geotextile, does not necessarily require special 

skills whereby the availability of trained or specialized personnel would be limited. 

 

4.3.1.7  Cost 

 

The overall cost for each alternative is based upon the initial capital cost to construct the 

remedy and the annual operation and maintenance costs to maintain the integrity of the remedy 

over 30 years.  Using a seven percent discount factor, the total remedy costs over a 30-year 

period are then calculated in a present-worth analysis. 

 

Since no action is required for Alternative SS-1 (No Action), no costs would be incurred. 

Present-worth values for other alternatives are estimated as follows: 

 

•  Alternative SS-2 (Institutional Controls with Monitoring)   $     600,000 

•  Alternative SS-3 (Permeable Cover and Monitoring  

      with Institutional Controls)      $  5,992,000 

•  Alternative SS-4 (Excavation and Off-Site Disposal)  $47,172,000 

•  Alternative SS-5 (Excavation, Treatment, and On-Site Reuse) $22,993,000 

 

Costs for Alternative SS-3 (Permeable Cover with Institutional Controls), Alternative SS-4 

(Excavation and Off-Site Disposal), and Alternative SS-5 (Excavation, Treatment, and On-Site 

Reuse) are volume dependent.  These costs could vary significantly (plus or minus) depending 

on the actual limits of contamination exceeding the PRGs. The limits of contamination assumed 

for this FS are based upon widely spaced data.  Additional studies should be performed prior to 

completing the final remedial design to delineate the extent of remediation required.  
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4.3.2  Comparative Analysis of Subsurface Soil Alternatives 

 

As part of the detailed analysis, this section presents an evaluation of the relative performance 

of each subsurface soil alternative with regards to seven of the nine NCP evaluation criteria and 

is used in the selection of a remedial alternative by evaluating the advantages and 

disadvantages of each alternative in comparison to the NCP criteria.  

 

Subsurface soils did not pose any unacceptable risks to the environment.  Consequently, only 

human health risks and hazards are specifically addressed by the selected remedial 

alternatives. However, the remedial activities may have a secondary benefit of further reducing 

potential environmental impacts caused by the migration and erosion of contaminated 

subsurface soils such as potential impacts to groundwater. 

 

4.3.2.1  Overall Protection of Human Health and the Environment 

 

Alternative SUB-1 (No Action) would offer no protection of human health or the environment 

because no actions would be taken at the site.  RAOs would not be achieved with Alternative 

SUB-1 (No Action). 

 

Alternative SUB-2 (Institutional Controls with Monitoring) would provide protection from 

exposure to contaminated soils provided that institutional controls are able to be adequately 

enforced.  Due to the fact that subsurface soils are located at least 3 feet below ground surface, 

the likelihood that institutional controls would be an effective deterrent to human exposures to 

contamination is very high.   

 

Alternative SUB-3 (Permeable Cover and Monitoring with Institutional Controls) would provide 

slightly enhanced protection, since a permeable cover or barrier would further restrict exposure 

to subsurface soils, provided the barrier is not breached from activities such as construction 

excavations.  However, since subsurface soil is located at least 3 feet below the ground 

surface, the marginal benefit provided by a permeable cover with institutional controls 

(Alternative SUB-3) over institutional controls only (Alternative SUB-2) would be low since 

subsurface soil has limited accessibility even without the cover.   
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Alternative SUB-3 (Permeable Cover and Monitoring with Institutional Controls) is similar to the 

soil remedial alternative selected under the 1986 OU-1 ROD for Industri-plex.  Alternative SUB-

3 (Permeable Cover and Monitoring with Institutional Controls) would also require institutional 

controls in order to protect the integrity of the cover by providing for long-term maintenance and 

land-use restrictions or other appropriate institutional controls. 

 

4.3.2.2  Compliance with ARARs 

 

Risk-based PRGs were developed based on human health risk guidance and other TBC 

advisories.  Alternative SUB-1 (No Action) does not comply with these TBCs.   

 

Alternatives SUB-2 (Institutional Controls with Monitoring) and SUB-3 (Permeable Cover with 

Institutional Controls), would however, comply with all applicable ARARs and TBCs.  

 

4.3.2.3  Long-Term Effectiveness and Permanence 

 

Alternative SUB-1 (No Action) does not provide any long-term effectiveness or permanence and 

the magnitude of residual risk would be high. Alternative SUB-2 (Institutional Controls with 

Monitoring) would provide long-term effectiveness and permanence provided that institutional 

controls include enforceable, deeded, land-use restrictions or other appropriate institutional 

controls.  This alternative would require inspections to ensure that the institutional controls are 

remaining in effect. 

 

Alternative SUB-3 (Permeable Cover and Monitoring with Institutional Controls) would also 

provide long-term effectiveness and permanence providing the permeable cover is not 

breached.  As with Alternative SUB-2 (Institutional Controls with Monitoring), Alternative SUB-3 

(Permeable Cover and Monitoring with Institutional Controls) requires institutional controls that 

include enforceable, deeded, land-use restrictions or other appropriate institutional controls and 

inspections to ensure that the institutional controls are remaining in effect.  Consequently, the 

magnitude of residual risk for Alternative SUB-2 (Institutional Controls with Monitoring) and 

Alternative SUB-3 (Permeable Cover and Monitoring with Institutional Controls) would be 

similar. 
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4.3.2.4  Reduction of Toxicity, Mobility, or Volume Through Treatment 

 

Alternative SUB-1 (No Action) and Alternative SUB-2 (Institutional Controls with Monitoring) 

would not provide any reduction in the toxicity, mobility, or volume of contaminants through 

treatment.  Under Alternative SUB-3 (Permeable Cover and Monitoring with Institutional 

Controls), limited off-site treatment of soil may be necessary to qualify for land disposal at a 

licensed landfill.   

 

4.3.2.5  Short-Term Effectiveness 

 

Because Alternative SUB-1 (No Action) would not require any action, there would be no short-

term impacts to the community or to onsite workers.  Since no onsite actions are required under 

Alternative SUB-2 (Institutional Controls with Monitoring), there would be no impacts to the 

community or to workers.  Alternative SUB-2 (Institutional Controls with Monitoring) would not 

have any health related impacts to the community or workers, but would have some limited 

impacts to property owners since the imposition of institutional controls would restrict land use 

and require property owners to maintain otherwise unrestricted open land.  

 

Alternative SUB-3 (Permeable Cover and Monitoring with Institutional Controls) would have the 

most significant short-term impacts on the community.  Impacts to workers would be minimal 

since construction activities would be completed in accordance with appropriate health and 

safety procedures. Potential risks and hazards associated with fugitive dust emissions would be 

addressed with prescribed engineering controls. No adverse environmental impacts are 

anticipated from any alternative.  Other non-health related impacts would result from 

inconveniences in traffic control during construction and/or excavation activities.  Impacts to 

individual property owners would be significant since large portions of property would require a 

soil cover and use of parking areas or property access would be temporarily restricted.  No 

adverse environmental impacts are anticipated from any alternative. 

 

Alternative SUB-2 (Institutional Controls with Monitoring) and Alternative SUB-3 (Permeable 

Cover and Monitoring with Institutional Controls) may take the longest to implement due to 

potential delays associated with inaugurating the actual institutional controls and deed 

attachment documents.  Alternative SUB-3 (Permeable Cover and Monitoring with Institutional 
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Controls) would take the longest to implement from a construction schedule since it is the only 

alternative that includes onsite actions. 

 

RAOs for protection of human health would be achieved as soon as the institutional controls are 

implemented for Alternative SUB-2 (Institutional Controls with Monitoring) and Alternative SUB-

3 (Permeable Cover and Monitoring with Institutional Controls) as well as the installation of 

permeable cover.  

 

4.3.2.6  Implementability 

 

Alternative SUB-1 (No Action) would be the easiest to implement because there are no 

remedial actions required. 

 

Alternative SUB-2 (Institutional Controls with Monitoring) would be the next easiest to 

implement.  Although, as discussed above, potential delays may be encountered with the 

inauguration of the actual institutional controls and deed attachment documents.   

 

Alternative SUB-3 (Permeable Cover with Institutional Controls), would be the most difficult of 

the subsurface soil alternatives to implement due to the area requiring remediation, the 

proximity of those areas to active commercial and light industrial properties, and the additional 

construction tasks associated with the work.  As with the surface soil alternatives, these 

additional tasks are basic construction methods and procedures that involve survey, excavation, 

and backfill.  Installation of a permeable cover, such as a geotextile, does not necessarily 

require special skills whereby the availability of trained or specialized personnel would be 

limited. 

 

4.3.2.7  Cost 

 

The overall costs for each alternative are based upon initial capital costs to construct the 

remedy and the annual operation and maintenance costs to maintain the integrity of the remedy 

over 30 years.  Using a seven percent discount factor, the total remedy costs over a 30-year 

period are then calculated in a present-worth analysis. 
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Since no action is required for Alternative SUB-1 (No Action), no costs would be incurred. 

Present-worth values for Alternative SUB-2 (Institutional Controls with Monitoring) and 

Alternative SUB-3 (Permeable Cover and Monitoring with Institutional Controls) are estimated 

as follows: 

 

•  Alternative SUB-2 (Institutional Controls with Monitoring)  $1,276,000 

•  Alternative SUB-3 (Permeable Cover with Institutional Controls) $8,070,000 

 

The cost for Alternative SUB-3 (Permeable Cover and Monitoring with Institutional Controls) is 

volume dependent.  This cost could vary significantly (plus or minus) depending on the actual 

limits of contamination exceeding the PRGs. The limits of contamination assumed for this FS 

are based upon widely spaced data.  Additional studies should be performed prior to completing 

the final remedial design to delineate the extent of remediation required. 

 

4.3.3  Comparative Analysis of Groundwater Alternatives 

 

As part of the detailed analysis, this section presents an evaluation of the relative performance 

of each groundwater alternative with regards to seven of the nine NCP evaluation criteria and is 

used in the selection of a remedial alternative by evaluating the advantages and disadvantages 

of each alternative in comparison to the NCP criteria. 

 

4.3.3.1  Overall Protection of Human Health and the Environment 

 

Alternative GW-1 (No Action) would offer no protection of human health or the environment 

because no actions would be taken at the site.  RAOs would not be achieved with GW-1 (No 

Action). 

 

Alternative GW-2 (Pond Intercept and Monitoring with Institutional Controls) would provide 

protection of human health from exposure to contaminated groundwater through institutional 

controls, provided that institutional controls are able to be adequately enforced. However, 

groundwater discharge to the HBHA Pond would continue to impact sediments and surface 

water, offering no protection to the environment unless this alternative is implemented in 

conjunction with another media-specific alternative that prevents the transport of contaminated 

sediment from the Pond to downstream depositional areas, such as Alternative HBHA-4 (Storm 
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Water Bypass and Sediment Retention with Partial Dredging and Providing an Alternate 

Habitat).   

 

Alternative GW-3 (Plume Intercept by Groundwater Extraction, Treatment and Discharge with 

Institutional Controls and Monitoring) and Alternative GW-4 (Plume Intercept by In-Situ 

Groundwater Treatment with Institutional Controls and Monitoring) would also provide 

protection of human health from exposure to contaminated groundwater through the use of 

institutional controls.  Since contaminant concentrations in groundwater within the treatment 

zone would not be expected to decrease below PRGs within the foreseeable future, the level of 

human health protection provided by these alternatives would be similar to that provided by 

Alternative GW-2 (Pond Intercept and Monitoring with Institutional Controls), and would depend 

upon the enforcement of controls.  Alternatives GW-3 and Alternative GW-4 would provide 

enhanced protection of the environment over Alternative GW-2, since these alternatives would 

eliminate contaminated groundwater discharges to the HBHA Pond.  

 

4.3.3.2  Compliance with ARARs 

 

Risk-based PRGs were developed based on human health risk guidance and other TBC 

advisories.  Alternative GW-1 (No Action) does not comply with these TBCs.  

 

Alternative GW-2 (Pond Intercept and Monitoring with Institutional Controls), Alternative GW-3 

(Plume Intercept by Groundwater Extraction, Treatment and Discharge with Institutional 

Controls and Monitoring), and Alternative GW-4 (Plume Intercept by In-Situ Groundwater 

Treatment with Institutional Controls and Monitoring) would comply with all applicable ARARs 

and TBCs, provided that institutional controls restricting Site groundwater use are able to be 

adequately enforced.  Institutional controls also include provisions to provide worker safety if 

excavations into groundwater are required during construction activities. 

 

Alternative GW-2 (Pond Intercept and Monitoring with Institutional Controls) may not comply 

with the chemical-specific ARAR regarding federal or state ambient water quality criteria for the 

protection of surface water unless Alternative HBHA-4 (Storm Water Bypass and Sediment 

Retention with Partial Dredging and Providing an Alternate Habitat) were selected.  In this case, 

Alternative GW-2 would comply with the chemical-specific ARARs at the point of compliance, 

which is defined as the downstream side of the cofferdams. 
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Alternative GW-3 (Plume Intercept by Groundwater Extraction, Treatment and Discharge with 

Institutional Controls and Monitoring) and Alternative GW-4 (Plume Intercept by In-Situ 

Groundwater Treatment with Institutional Controls and Monitoring) would comply with all 

applicable ARARs and TBCs.   

 

4.3.3.3  Long-Term Effectiveness and Permanence 

 

Alternative GW-1 (No Action) does not provide any long-term effectiveness or permanence.  

 

Alternative GW-2 (Pond Intercept and Monitoring with Institutional Controls) would provide long-

term effectiveness and permanence provided that institutional controls include enforceable, 

deeded, land-use restrictions, or other appropriate institutional controls.  However, since no 

actions would be taken, the residual risks would be moderate, unless another alternative such 

as HBHA-4 were to be implemented in conjunction with this alternative.  This alternative would 

also include inspections to ensure that the institutional controls are remaining in effect.  

Alternative GW-2 (Pond Intercept and Monitoring with Institutional Controls) would not be 

effective in controlling groundwater discharges to the HBHA Pond. 

 

The magnitude of residual risk to the environment for Alternative GW-3 (Plume Intercept by 

Groundwater Extraction, Treatment and Discharge with Institutional Controls and Monitoring) 

and Alternative GW-4 (Plume Intercept by In-Situ Groundwater Treatment with Institutional 

Controls and Monitoring) would be moderate since contaminated groundwater discharges to the 

HBHA Pond would be eliminated, but impacts to site-wide groundwater would remain.  As with 

Alternative GW-2 (Pond Intercept and Monitoring with Institutional Controls), these alternatives 

rely on institutional controls to offer protection to human health and would not take actions to 

reduce arsenic contamination site-wide. Contamination by organic compounds (benzene, TCE, 

1,2-DCA, and naphthalene) would be addressed.   

 

The treatment technologies for Alternative GW-3 (Plume Intercept by Groundwater Extraction, 

Treatment and Discharge with Institutional Controls and Monitoring) have been historically 

proven to be effective, but require more extensive operation and maintenance than an in-situ 

system as described for Alternative GW-4 (Plume Intercept by In-Situ Groundwater Treatment 

with Institutional Controls and Monitoring).  Alternative GW-4 (Plume Intercept by In-Situ 
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Groundwater Treatment with Institutional Controls and Monitoring) would require more 

extensive monitoring to ensure that the reactive wall is effective in containing and treating the 

contaminant plume and to ensure that in-situ oxidants are effectively degrading organic 

compounds.   

 

4.3.3.4  Reduction of Toxicity, Mobility, or Volume Through Treatment 

 

Alternative GW-1 (No Action) offers no treatment other than long-term benefits achieved from 

natural attenuation processes that may occur with organic contaminants.  Similarly, Alternative 

GW-2 (Pond Intercept and Monitoring with Institutional Controls) offers no treatment other then 

long-term benefits from natural attenuation processes that may occur with organic 

contaminants, but improves the control of contaminated groundwater migration via pond 

intercept and monitoring. 

 

Both Alternative GW-3 (Plume Intercept by Groundwater Extraction, Treatment and Discharge 

with Institutional Controls and Monitoring) and Alternative GW-4 (Plume Intercept by In-Situ 

Groundwater Treatment with Institutional Controls and Monitoring) are similar in that they both 

employ technologies to prevent contaminated groundwater from discharging into the HBHA 

Pond and destroy or remove target contaminants from groundwater.  Alternative GW-3 is an ex-

situ system while Alternative GW-4 is an in-situ design.  Both technologies are capable of 

removing contaminants to below the respective contaminant’s PRG prior to their discharge to 

the HBHA Pond.  The toxicity, mobility and volume of contaminants would be removed from 

groundwater and both treatment processes are irreversible.  

 

None of the above alternatives would be capable of treating site-wide inorganic (e.g. arsenic) 

contaminated groundwater to concentrations below the PRG due to wide spread arsenic 

contamination sources in soils that will continue to impact groundwater at the Industri-plex Site. 

 Alternatives GW-2 (Pond Intercept and Monitoring with Institutional Controls), GW-3 (Plume 

Intercept by Groundwater Extraction, Treatment and Discharge with Institutional Controls and 

Monitoring) and GW-4 (Plume Intercept by In-Situ Groundwater Treatment with Institutional 

Controls and Monitoring) intercept contaminated groundwater to control downgradient 

migration, and do not address site-wide inorganic contaminated groundwater except for the 

protection of human health through the use of institutional controls. 
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4.3.3.5  Short-Term Effectiveness 

 

Because Alternative GW-1 (No Action) would not require any action, there would be no short-

term impacts to the community or to onsite workers.  Since no onsite actions are required under 

Alternative GW-2 (Pond Intercept and Monitoring with Institutional Controls), there would be no 

impacts to the community or to workers.  Alternative GW-2 would have limited non-health 

related impacts to property owners since the imposition of institutional controls would restrict 

groundwater use.  

 

Alternative GW-3 (Plume Intercept by Groundwater Extraction, Treatment and Discharge with 

Institutional Controls and Monitoring) and Alternative GW-4 (Plume Intercept by In-Situ 

Groundwater Treatment with Institutional Controls and Monitoring) would have limited short-

term impacts on the community.  Potential risks due to contamination to the community and site 

workers would be minimal and easily controlled through engineering controls and safety 

procedures. Potential risks and hazards associated with fugitive dust emissions would be 

addressed with prescribed engineering controls. Other potential non-health related impacts 

would be the results of inconveniences in traffic control during construction and/or excavation 

activities.   

 

Alternative GW-3 (Plume Intercept by Groundwater Extraction, Treatment and Discharge with 

Institutional Controls and Monitoring) and Alternative GW-4 (Plume Intercept by In-Situ 

Groundwater Treatment with Institutional Controls and Monitoring) may have limited adverse 

environmental impacts during construction.  Again, engineering controls and approved 

construction methods would minimize these risks.  Once constructed, other environmental risks 

associated with both alternatives would be the result of a failure to maintain the remedy causing 

contaminant discharges to the surface water. 

 

Both Alternative GW-3 (Plume Intercept by Groundwater Extraction, Treatment and Discharge 

and Monitoring with Institutional Controls and Alternative GW-4 (Plume Intercept by In-Situ 

Groundwater Treatment with Institutional Controls and Monitoring) would require pre-design 

investigations to properly design the respective treatment system.  Alternative GW-3 (Plume 

Intercept by Groundwater Extraction, Treatment and Discharge with Institutional Controls and 

Monitoring) would take longer to construct than Alternative GW-4 (Plume Intercept by In-Situ 

Groundwater Treatment with Institutional Controls and Monitoring) due to the mechanical 
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complexities of the treatment system.  Alternative GW-3 (Plume Intercept by Groundwater 

Extraction, Treatment and Discharge with Institutional Controls and Monitoring) would also likely 

require longer start-up times and pilot testing periods to calibrate and optimize the system 

performance.   

 

Alternative GW-2 (Pond Intercept and Monitoring with Institutional Controls), Alternative GW-3 

(Plume Intercept by Groundwater Extraction, Treatment and Discharge with Institutional 

Controls and Monitoring), and Alternative GW-4 (Plume Intercept by In-Situ Groundwater 

Treatment with Institutional Controls and Monitoring) would take equally as long to implement 

institutional controls as described above in other alternatives due to potential delays. 

 

RAOs for protection of human health would be achieved as soon as the institutional controls are 

in place for Alternative GW-2 (Pond Intercept and Monitoring with Institutional Controls), 

Alternative GW-3 (Plume Intercept by Groundwater Extraction, Treatment and Discharge with 

Institutional Controls and Monitoring), and Alternative GW-4 (Plume Intercept by In-Situ 

Groundwater Treatment with Institutional Controls and Monitoring). RAOs for protection of the 

environment for surface water would be achieved for Alternative GW-3 (Plume Intercept by 

Groundwater Extraction, Treatment and Discharge with Institutional Controls and Monitoring) 

and Alternative GW-4 (Plume Intercept by In-Situ Groundwater Treatment with Institutional 

Controls and Monitoring) as soon as construction is complete and the system is functional. 

RAOs for protection of the environment for Site-wide groundwater at Industri-plex due to 

arsenic contamination would not be achieved for any alternative. RAOs for protection of the 

environment for Site-wide groundwater at Industri-plex due to organic contamination would be 

achieved in several years following direct source application of the enhanced bioremediation 

technology.  

 

4.3.3.6  Implementability 

 

Alternative GW-1 (No Action) is the easiest to implement because there are no remedial actions 

required. 

 

Alternative GW-2 (Pond Intercept and Monitoring with Institutional Controls) would be the next 

easiest to implement.  As discussed above, potential delays may be encountered with the 

inauguration of the actual institutional controls and deed attachment documents, but these 
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delays would also impact the schedule for Alternatives GW-3 and GW-4, which would also 

require institutional controls to protect human health.   

 

Alternative GW-3 (Plume Intercept by Groundwater Extraction, Treatment and Discharge with 

Institutional Controls and Monitoring) would be more difficult to implement than Alternative GW-

2 (Pond Intercept and Monitoring with Institutional Controls) due to the complexities involved 

with constructing a multi-process treatment system and associated typical construction issues.  

However, construction of treatment systems is considered fairly routine involving skilled trade 

workers such as carpenters, pipe fitters, electricians, process engineers, etc.  Technologies for 

Alternative GW-3 (Plume Intercept by Groundwater Extraction, Treatment and Discharge with 

Institutional Controls and Monitoring) are reliable and proven.  Numerous vendors are available 

to provide the equipment necessary for Alternative GW-3.  Options for off-site treatment and 

disposal of process sludges generated are readily available.  Alternative GW-3 requires more 

extensive operation and maintenance than any other alternative and would likely require a full-

time treatment plant operator. 

 

Alternative GW-4 (Plume Intercept by In-Situ Groundwater Treatment with Institutional Controls 

and Monitoring) would be the most difficult to implement due to the deep excavations required 

to install the reactive wall.  If a funnel and gate approach is used, the barrier wall must be keyed 

into or at least sealed at the bedrock-overburden interface.  Some uncertainty exists regarding 

the life-span of the reactive materials used in the wall due to the geochemical conditions in Site 

groundwater.  Some uncertainty also exists as to the potential effectiveness and difficulties in 

delivering oxygenating reagents to a broad area for the remediation of the organic 

contaminants.  However, these uncertainties may be overcome with a pre-design investigation 

that would identify a reasonable and practical spatial application design.  Equipment and 

technical specialists required to implement Alternative GW-4 (Plume Intercept by In-Situ 

Groundwater Treatment with Institutional Controls and Monitoring) are available from several 

vendors. Options for off-site treatment and disposal of spent reactive wall materials generated 

are readily available. 

 

4.3.3.7  Cost 

 

The overall cost for each alternative is based upon initial capital cost to construct the remedy 

and the annual operation and maintenance costs to maintain the integrity of the remedy over 30 
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years. Using a seven percent discount factor, the total remedy costs over a 30-year period are 

then calculated in a present-worth analysis. 

 

Since no action is required for Alternative GW-1 (No Action), no costs would be incurred. 

Present-worth values for other alternatives are estimated as follows: 

 

•  Alternative GW-2 (Pond Intercept and Monitoring with  

      Institutional Controls)       $  3,918,000 

•  Alternative GW-3 (Plume Intercept by Groundwater Extraction,  

      Treatment and Discharge with Institutional Controls and Monitoring) $18,943,000 

•  Alternative GW-4 (Plume Intercept, In-Situ Groundwater Treatment 

      with Institutional Controls)       $16,153,000  

 

4.3.4  Comparative Analysis of HBHA Pond Sediment Alternatives 

 

As part of the detailed analysis, this section presents an evaluation of the relative performance 

of each sediment alternative with regards to seven of the nine NCP evaluation criteria and is 

used in the selection of a remedial alternative by evaluating the advantages and disadvantages 

of each alternative in comparison to the NCP criteria. 

 

HBHA Pond sediments do not pose risks and hazards in excess of regulatory criteria to human 

health.  Consequently, only environmental risks are specifically addressed by the selected 

remedial alternatives. However, the remedial activities may have a secondary benefit of further 

reducing potential human health risks and hazards resulting from the migration of contaminated 

sediments to downstream depositional areas that are accessible to humans. 

 

4.3.4.1  Overall Protection of Human Health and the Environment 

 

There are no human health risks and hazards in excess of regulatory criteria associated with 

sediments in the HBHA Pond.  All unacceptable sediment risks are associated with impairment 

to benthic organisms. 

 

Alternative HBHA-1 (No Action) offers no protection to the environment because no actions 

would be taken at the site.  RAOs would not be achieved with HBHA-1. 
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In the short-term Alternative HBHA-2 (Monitoring) would not provide protection to the 

environment unless it is implemented in conjunction with a groundwater alternative to eliminate 

contaminated groundwater discharges into the HBHA Pond.  If contaminated groundwater is 

prevented from discharging into the HBHA Pond, then long-term organic sediment 

contamination may be biodegraded and inorganic sediments may be buried by uncontaminated 

sediments. If contaminated groundwater continues to discharge into the HBHA Pond, then 

inorganic contaminated sediments will remain, while organic sediment contamination may be 

further degraded through natural biological processes.  

 

Alternative HBHA-3 (Subaqueous Cap) may provide enhanced protection since a subaqueous 

cap (permeable cover or barrier) would be installed protecting benthic organisms from exposure 

to the contaminated sediments and providing a new benthic habitat.  However, Alternative 

HBHA-3 (Subaqueous Cap) requires that groundwater discharges be eliminated, otherwise the 

cap materials could become re-contaminated. 

 

Alternative HBHA-4 (Storm Water Bypass and Sediment Retention with Partial Dredging and 

Providing an Alternate Habitat) would provide protection to benthic organisms in the southern 

portion of the HBHA Pond where contaminated sediments are removed.  Since the northern 

portion of the pond would be used as a treatment area for contaminated groundwater 

discharges, this northern area would not provide protection to the benthic organisms in the 

short-term.  However, Alternative HBHA-4 (Storm Water Bypass and Sediment Retention with 

Partial Dredging and Providing an Alternate Habitat) would provide an alternate habitat to 

compensate for this loss and would maintain the benthic community inventory within the 

watershed. In the long-term, if groundwater contamination is prevented from discharging into 

the HBHA Pond, then sediments may recover as discussed for Alternative HBHA-2 

(Monitoring). If groundwater contamination continues to discharge into the HBHA Pond, then 

sediment contamination by organic compounds may be reduced through biodegradation as 

discussed for Alternative HBHA-2 (Monitoring). 

 

Alternative HBHA-5 (Removal and Off-Site Disposal) provides the highest level of protection for 

the environment because all contamination exceeding the PRGs would be removed from the 

HBHA Pond.  However, as with the other HBHA sediment alternatives, Alternative HBHA-5 
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(Removal and Off-Site Disposal) relies on the elimination of contaminated groundwater 

discharges so that the remediated areas are not re-contaminated. 

 

4.3.4.2  Compliance with ARARs 

 

Alternative HBHA-1 (No Action) and Alternative HBHA-2 (Monitoring) would not comply with 

chemical-specific or action-specific ARARs related to federal or state ambient water quality 

criteria for the protection of surface water since there would be no actions taken to abate 

sediment contamination which would likely continue to degrade surface water quality.  There 

are no location-specific ARARs that were identified for Alternative HBHA-1 (No Action) or 

Alternative HBHA-2 (Monitoring). 

 

Alternative HBHA-3 (Subaqueous Cap), Alternative HBHA-4 (Storm Water Bypass and 

Sediment Retention with Partial Dredging and Providing an Alternate Habitat), and Alternative 

HBHA-5 (Removal and Off-Site Disposal) would comply with all applicable ARARs and TBCs. 

 

HBHA-4 is the only practicable alternative that achieves the project purpose of reducing 

environmental risk.  The alternatives HBHA-1 (No Action) and HBHA-2 (Monitoring) don't 

reduce the risk.  Alternative HBHA-5 (Removal and Off-Site Disposal) where removal of 

contaminated sediment in the entire pond would initially reduce ecological risk, but the area 

would become recontaminated through groundwater discharge and ultimately would not 

achieve the project purpose.   Given that contaminated groundwater will continue to flow 

towards the pond, the LEDPA that achieves the project purpose is HBHA-4 (Storm Water 

Bypass and Sediment Retention with Partial Dredging and Providing an Alternate Habitat), 

which divides the pond into the northern area, which will become recontaminated and require 

periodic dredging, and the southern area, which will be remediated. Compensatory mitigation 

will be required for the impacts to the northern area of the pond. 

 

4.3.4.3  Long-Term Effectiveness and Permanence 

 

Alternative HBHA-1 (No Action) does not provide any long-term effectiveness or permanence.  

 

Alternative HBHA-2 (Monitoring) would provide marginal long-term effectiveness and 

permanence since the magnitude of risk would not be reduced in the short-term or long-term 
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unless other alternatives were implemented to eliminate contaminated groundwater discharges. 

Long-term monitoring would be required to evaluate risks associated with the residual 

contamination left in-place. 

 

Alternative HBHA-3 (Subaqueous Cap) would provide enhance long-term effectiveness and 

permanence provided that the permeable cover is not eroded and arsenic does not diffuse from 

the contaminated sediments and contaminate the cap materials and providing that the 

contaminated groundwater discharges are eliminated. Long-term monitoring and maintenance 

would be required to ensure the integrity of the cap. 

 

The magnitude of residual risks associated with Alternative HBHA-4 (Storm Water Bypass and 

Sediment Retention with Partial Dredging and Providing an Alternate Habitat) would be less 

than Alternative HBHA-3 (Subaqueous Cap) since the majority of contaminated sediments 

would be removed from the HBHA Pond (southern portion).  Long-term maintenance would be 

required to periodically remove accumulated sediments in the retention area (northern portion) 

and monitoring of surface water to evaluate risks from residual contaminated sediments left in-

place.  An alternate or compensatory wetland habitat would be constructed to mitigate the 

wetland loss due to the creation of the sediment retention area.   Alternative HBHA-4 (Storm 

Water Bypass and Sediment Retention with Partial Dredging and Providing an Alternate 

Habitat) does not rely on the elimination of groundwater discharges as do the other alternatives 

evaluated. 

 

Alternative HBHA-5 (Removal and Off-Site Disposal) provides the highest level of long-term 

effectiveness and permanence because the contaminants would be completely removed from 

the HBHA Pond and the magnitude of residual risk would be minimal, assuming that 

contaminated groundwater discharges are eliminated. 

 

4.3.4.4  Reduction of Toxicity, Mobility, or Volume Through Treatment 

 

Alternative HBHA-1 (No Action), Alternative HBHA-2 (Monitoring), and Alternative HBHA-3 

(Subaqueous Cap) do not provide any treatment of contaminants.   

 

Alternative HBHA-4 (Storm Water Bypass and Sediment Retention with Partial Dredging and 

Providing an Alternate Habitat) and Alternative HBHA-5 (Removal and Off-Site Disposal) may 
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provide for limited off-site treatment of dredged sediments if necessary to qualify for land 

disposal at a licensed landfill.   

 

Alternative HBHA-3 (Subaqueous Cap) reduces the mobility of contaminated sediments by 

placing a cap over them.  Alternative HBHA-4 (Storm Water Bypass and Sediment Retention 

with Partial Dredging and Providing an Alternate Habitat) also reduces the mobility of 

contaminated sediments by creating a retention area for sediment to be contained and 

periodically removed.   

 

The volume of contaminated sediments is not affected by any onsite treatment process for any 

alternative. 

 

4.3.4.5  Short-Term Effectiveness 

 

Because Alternative HBHA-1 (No Action) would not require any action, there would be no short-

term impacts to the community or to onsite workers.  Since Alternative HBHA-2 (Monitoring) 

only requires monitoring, there would be no impacts to the community.  Potential impacts to 

workers would be addressed by implementing appropriate health and safety plans. 

 

Alternative HBHA-3 (Subaqueous Cap), Alternative HBHA-4 (Storm Water Bypass and 

Sediment Retention with Partial Dredging and Providing an Alternate Habitat), and Alternative 

HBHA-5 (Removal and Off-Site Disposal) would have the most short-term impacts on the 

community.  Potential risks associated with fugitive dust emissions would be addressed with 

prescribed engineering controls.  Impacts to workers would be minimal since construction 

activities would be completed in accordance with appropriate health and safety procedures.  

Other non-health related impacts would result from inconveniences in traffic control during 

construction and/or excavation activities.   

 

Alternative HBHA-1 (No Action) would have no adverse environmental impacts.  Alternative 

HBHA-2 (Monitoring) would have minor environmental impacts due to workers collecting 

environmental samples.  Alternative HBHA-3 (Subaqueous Cap) would have potential 

significant environmental impacts from the displacement and migration of contaminated 

sediments during cap placement. However, these potential risks could be minimized through 
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engineering controls and the use of specialized construction methods to minimize and control 

suspended solids. 

 

Alternative HBHA-4 (Storm Water Bypass and Sediment Retention with Partial Dredging and 

Providing an Alternate Habitat) and Alternative HBHA-5 (Removal and Off-Site Disposal) would 

have the most significant short-term environmental impacts due to the dredging activities 

whereby the existing benthic community would be destroyed during remediation.  In time, new 

benthic communities would be established within the replacement substrate. 

  

4.3.4.6  Implementability 

 

Alternative HBHA-1 (No Action) would be the easiest to implement because there are no 

remedial actions required.  Alternative HBHA-2 (Monitoring) would be the next easiest since 

only the collection of environmental samples is involved.  

 

Alternative HBHA-3 (Subaqueous Cap), Alternative HBHA-4 (Storm Water Bypass and 

Sediment Retention with Partial Dredging and Providing an Alternate Habitat), and Alternative 

HBHA-5 (Removal and Off-Site Disposal) would be much more difficult than Alternatives HBHA-

1 and HBHA-2 due to the number of additional tasks required.  These additional tasks are 

specialized construction methods and procedures that involve working on a surface water body 

and controlling of re-suspension of sediments.  Alternative HBHA-4 (Storm Water Bypass and 

Sediment Retention with Partial Dredging and Providing an Alternate Habitat) and Alternative 

HBHA-5 (Removal and Off-Site Disposal) would be more difficult because construction activities 

would include hydraulic dredging, water treatment, and sediment dewatering.  Alternative 

HBHA-4 (Storm Water Bypass and Sediment Retention with Partial Dredging and Providing an 

Alternate Habitat) is more difficult than Alternative HBHA-5 (Removal and Off-Site Disposal) 

because it is further compounded by the construction of a sediment retention area and an 

alternate/compensatory wetland habitat. 

 

Alternative HBHA-3 (Subaqueous Cap) would likely be the most difficult due to the uncertainty 

in controlling the displacement of the low-specific gravity sediments that are unique to HBHA 

Pond without causing extensive contaminant migration or contamination of the cap materials.  

Alternative HBHA-3 (Subaqueous Cap), HBHA-4 (Storm Water Bypass and Sediment Retention 

with Partial Dredging and Providing an Alternate Habitat), and Alternative HBHA-5 (Removal 
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and Off-Site Disposal) require specialized equipment and skilled workers, all of which are 

readily available from several vendors. 

 

Alternative HBHA-3 (Subaqueous Cap) and Alternative HBHA-5 (Removal and Off-Site 

Disposal) would achieve the RAO as soon as the construction of the cap or dredging and 

restoration is complete.   

 

All alternatives except HBHA-4 (Storm Water Bypass and Sediment Retention with Partial 

Dredging and Providing an Alternate Habitat) require that contaminated groundwater 

discharges be eliminated prior to constructing the remedy otherwise each remediated area 

would likely be re-contaminated. 

 

4.3.4.7  Cost 

 

The overall cost for each alternative is based upon the initial capital cost to construct the 

remedy and the annual operation and maintenance costs to maintain the integrity of the remedy 

over 30 years.  Using a seven percent discount factor, the total remedy costs over a 30-year 

period are then calculated in a present-worth analysis. 

 

Since no action is required for Alternative HBHA-1 (No Action), no costs would be incurred. 

Present-worth values for other alternatives are estimated as follows: 

 

•  Alternative HBHA-2 (Monitoring)      $1,201,000 

•  Alternative HBHA-3 (Subaqueous Cap)     $5,291,000 

•  Alternative HBHA-4 (Storm Water Bypass and Sediment Retention  

      with Partial Dredging and Providing an Alternate Habitat)  $8,237,000 

•  Alternative HBHA-5 (Removal and Off-Site Disposal)   $3,810,000 

 

It should be noted that the cost for Alternative HBHA-4 (Storm Water Bypass and Sediment 

Retention with Partial Dredging and Providing an Alternate Habitat) assumes that the sediment 

retention area would require periodic dredging to remove accumulated sediments once every 

five years.  These costs could be more or less depending on the frequency of sediment 

removal, which would be based on actual sediment accumulation rates.  Also, the cost for 

habitat replacement assumes that land is available within the watershed to construct an 
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alternate/compensatory wetland.  Land acquisition costs are assumed to be approximately 

$700,000 per acre and could be more or less depending on the location selected. 

 

4.3.5  Comparative Analysis of Near Shore Sediment Alternatives 

 

As part of the detailed analysis, this section presents an evaluation of the relative performance 

of each sediment alternative with regards to seven of the nine NCP evaluation criteria and is 

used in the selection of a remedial alternative by evaluating the advantages and disadvantages 

of each alternative in comparison to the NCP criteria. Near shore sediments did not pose any 

unacceptable risks to the environment.  Only human health risks and hazards are addressed by 

the selected remedial alternatives. 

 

4.3.5.1  Overall Protection of Human Health and the Environment 

 

Alternative NS-1 (No Action) offers no protection of human health because no actions would be 

taken at the site.  RAOs would not be achieved with Alternative NS-1 (No Action). 

 

Alternative NS-2 (Institutional Controls) and Alternative NS-3 (Monitoring with Institutional 

Controls) would provide protection of human health from exposure to contaminated sediments 

provided that institutional controls are able to be adequately enforced and protective fencing 

and signage are maintained. In addition to institutional controls, Alternative NS-3 (Monitoring 

with Institutional Controls) would also include monitoring to periodically evaluate the mitigation 

of potential sediment risks and hazards resulting from natural recovery processes that may 

occur, including burial of the contaminated sediments by accumulation of uncontaminated 

sediments if surface water and sediment inorganic contaminants from upstream are sufficiently 

controlled/ eliminated.  

 

Alternative NS-4 (Removal and Off-Site Disposal) provides the highest level of protection for 

human health because all contamination exceeding the PRG would be removed from the near-

shore sediment remediation areas.  
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4.3.5.2  Compliance with ARARs 

 

Alternative NS-1 (No Action), Alternative NS-2 (Institutional Controls), and Alternative NS-3 

(Monitoring with Institutional Controls) may not comply with action-specific or chemical-specific 

ARARs related to federal or state ambient water quality criteria for the protection of surface 

water since there would be no actions taken to abate sediment contamination which may 

degrade surface water quality.  Alternative NS-1 (No Action) would not comply with PRGs, 

which were developed using TBC guidance for the development of risk-based remediation 

goals.  

 

As long as the institutional controls are enforced and fencing is maintained, Alternative NS-2 

(Institutional Controls), and Alternative NS-3 (Monitoring with Institutional Controls) would 

comply with chemical-specific TBCs by restricting access to contaminated, near shore 

sediments. 

 

Alternative NS-4 (Removal and Off-Site Disposal) would comply with all applicable ARARs and 

TBCs.  

 

4.3.5.3  Long-Term Effectiveness and Permanence 

 

Alternative NS-1 (No Action) does not provide any long-term effectiveness or permanence. 

Alternative NS-2 (Institutional Controls) and Alternative NS-3 (Monitoring with Institutional 

Controls) would provide long-term effectiveness and permanence provided that institutional 

controls include enforceable, deeded, land-use restrictions or other appropriate institutional 

controls.  This alternative would require inspections to ensure that the institutional controls are 

remaining in effect. 

 

The magnitude of residual risk would be highest for Alternative NS-1 (No Action) since no 

actions are taken.  The magnitude of residual risk for Alternative NS-2 (Institutional Controls) 

and Alternative NS-3 (Monitoring with Institutional Controls) would also be high because no 

direct action is being taken to reduce contamination within the sediments.  Although institutional 

controls and fencing will be in-place to restrict access, these methods are only considered 

somewhat reliable depending upon the extent of enforcement and maintenance.   
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Alternative NS-4 (Removal and Off-Site Disposal) provides the best option for long-term 

effectiveness and permanence because the sediments exceeding the arsenic PRG would be 

completely removed from the site and the resulting magnitude of residual risk would be low. 

 

4.3.5.4  Reduction of Toxicity, Mobility, or Volume Through Treatment 

 

Alternative NS-1 (No Action), Alternative NS-2 (Institutional Controls), and Alternative NS-3 

(Monitoring with Institutional Controls) do not provide any treatment of contaminants.  

Alternative NS-2 (Institutional Controls) and Alternative NS-3 (Monitoring with Institutional 

Controls), in the long-term, may realize some benefits from a reduction in mobility if 

contaminated sediments are buried by the accumulation of uncontaminated sediments through 

deposition. 

 

The toxicity, mobility, and volume of contaminants would be reduced under Alternative NS-4 

(Removal and Off-Site Disposal), since liquids resulting from the dewatering process would be 

treated to remove contaminants prior to discharge back to the environment.  This alternative 

may also provide for limited off-site treatment to remove contaminants if required to qualify for 

land disposal at a licensed landfill.   

 

4.3.5.5  Short-Term Effectiveness 

 

Because Alternative NS-1 (No Action) would not require any action, there would be no short-

term impacts to the community or to on-site workers.  Alternative NS-2 (Institutional Controls) 

and Alternative NS-3 (Monitoring with Institutional Controls) would have minor potential impacts 

to the community and to workers installing protective fencing.  Other non-health related impacts 

include access restrictions and the imposition of institutional controls, which would further 

restrict land use and require property owners to maintain otherwise unrestricted open land.  

 

Alternative NS-4 (Removal and Off-Site Disposal) would have the most short-term impacts on 

the community.  Other non-health related impacts would result from inconveniences in traffic 

control during construction. Impacts to workers would be minimal since construction activities 

would be completed in accordance with appropriate health and safety procedures.  
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No adverse environmental impacts are anticipated from Alternative NS-1 (No Action), 

Alternative NS-2 (Institutional Controls), and Alternative NS-3 (Monitoring with Institutional 

Controls).  Short-term environmental impacts would be caused by Alternative NS-4 (Removal 

and Off-Site Disposal) during construction of haul roads, excavation and dewatering of 

sediments, and restoration of the wetland areas.  These impacts would be minimized by 

engineering controls and specialized construction methods during the remediation. 

 

Alternative NS-2 (Institutional Controls) and Alternative NS-3 (Monitoring with Institutional 

Controls) may take the longest to implement due to the delays associated with inaugurating the 

actual institutional controls and deed attachment documents.  Alternative NS-4 (Removal and 

Off-Site Disposal) would take the shortest time to achieve the RAO, since it would not rely upon 

institutional controls to achieve human health protection. 

 

4.3.5.6  Implementability 

 

Alternative NS-1 (No Action) would be the easiest to implement because there are no remedial 

actions required.  Alternative NS-2 (Institutional Controls) and Alternative NS-3 (Monitoring with 

Institutional Controls) would be only slightly more difficult to implement, since only protective 

fencing and signage is required for onsite activities.  Alternative NS-3 (Monitoring with 

Institutional Controls) would also include periodic sampling of surface water and sediment. As 

discussed above, institutional controls may be more difficult to complete due to potential delays 

that may be encountered with the inauguration of the actual institutional controls and deed 

attachment documents. 

 

Alternative NS-4 (Removal and Off-Site Disposal) would be the most difficult to implement due 

to the number of additional tasks required.  These additional tasks include excavation and 

dewatering of wetland sediments, excavation dewatering, water treatment, and restoration of a 

wetland area.  The specialized equipment and skilled labor required to perform the work are 

readily available from several vendors. 

 

RAOs for protection of human health would be achieved as soon as the institutional controls are 

implemented for Alternative NS-2 (Institutional Controls) and Alternative NS-3 (Monitoring with 

Institutional Controls), and upon completion and removal of contaminated sediments under 

Alternative NS-4 (Removal and Off-Site Disposal). 
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4.3.5.7  Cost 

 

The overall cost for each alternative is based upon initial capital costs to construct the remedy 

and the annual operation and maintenance costs to maintain the integrity of the remedy over 30 

years. Using a seven percent discount factor, the total remedy costs over a 30-year period are 

then calculated in a present-worth analysis. 

 

Since no action is required for Alternative NS-1 (No Action), no costs would be incurred. 

Present-worth values for other alternatives are estimated as follows: 

 

•  Alternative NS-2 (Institutional Controls)    $   338,000 

•  Alternative NS-3 (Monitoring with Institutional Controls)  $1,807,000 

•  Alternative NS-4 (Removal and Off-Site Disposal)  $3,247,000 

 

The cost for Alternative NS-4 (Removal and Off-Site Disposal) is volume dependent.  This cost 

could vary significantly (plus or minus) depending on the actual limits of contamination 

exceeding the PRGs. The limits of contamination assumed for this FS are based upon widely 

spaced data, and additional studies should be performed prior to completing the final remedial 

design to more accurately delineate the extent of remediation required. 

 

4.3.6  Comparative Analysis of Deep Sediment Alternatives 

 

As part of the detailed analysis, this section presents an evaluation of the relative performance 

of each sediment alternative with regards to seven of the nine NCP evaluation criteria and is 

used in the selection of a remedial alternative by evaluating the advantages and disadvantages 

of each alternative in comparison to the NCP criteria. Deep sediments did not pose any 

unacceptable risks to the environment.  Only potential human health risks and hazards are 

addressed by the selected remedial alternatives. 

 

4.3.6.1  Overall Protection of Human Health and the Environment 

 

Alternative DS-1 (No Action) offers no protection of human health because no actions would be 

taken at the site.  RAOs would not be achieved with Alternative DS-1 (No Action). 
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Alternative DS-2 (Monitoring with Institutional Controls) would provide protection from exposure 

to contaminated sediments provided that institutional controls are able to be adequately 

enforced.  The degree of protection that would be provided by this alternative would be high, 

since deep sediments are virtually inaccessible to human receptors without dredging or 

excavation equipment. 

 

Alternative DS-3 (Removal and Off-Site Disposal) would provide the highest level of protection 

for human health because all contamination exceeding the PRG would be removed from the 

deep sediment remediation areas.  However, the marginal benefit derived from Alternative DS-3 

over Alternative DS-2 would be low, since deep sediments in their current state are virtually 

inaccessible to humans, with the exception of the dredging scenario that would be restricted or 

prohibited by institutional controls under Alternative DS-2 (Monitoring with Institutional 

Controls). 

 

4.3.6.2  Compliance with ARARs 

 

Alternative DS-1 (No Action) would not comply with action-specific or chemical-specific ARARs 

or risk-based PRGs identified as TBCs.  Alternative DS-2 (Monitoring with Institutional Controls) 

would be protective and comply with chemical-specific ARARs by restricting work within the 

area of deep sediments, as long as the institutional controls are able to be adequately enforced. 

 However, Alternative DS-2 (Monitoring with Institutional Controls) may not comply with action-

specific or chemical-specific ARARs related to federal or state ambient water quality criteria for 

the protection of surface water since there would be no actions taken to abate sediment 

contamination which may degrade surface water quality.  Surface water and sediment 

monitoring would be included with this alternative to verify compliance with these ARARs. 

 

There are no location-specific ARARs that were identified for Alternative DS-1 (No Action) and 

Alternative DS-2 (Monitoring with Institutional Controls), since no on-site actions would be 

taken.  Alternative DS-3 (Removal and Off-Site Disposal) would comply with all applicable 

ARARs and TBCs.  
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4.3.6.3  Long-Term Effectiveness and Permanence 

 

Alternative DS-1 (No Action) does not provide any long-term effectiveness or permanence. 

Alternative DS-2 (Monitoring with Institutional Controls) would provide long-term effectiveness 

and permanence provided that institutional controls include enforceable, deeded, land-use 

restrictions or other appropriate institutional controls and requirements for regulatory oversight 

during any future dredging activities.  This alternative would also require inspections to ensure 

that the institutional controls are effective at preventing human exposures to contaminated deep 

sediments. 

 

The magnitude of residual risk would be highest for Alternative DS-1 (No Action) since no 

actions would be taken.  The magnitude of residual risk for Alternative DS-2 (Monitoring with 

Institutional Controls) would be low since although no direct action is being taken to reduce 

contamination within the sediments, the likelihood that institutional controls would be an 

effective deterrent to human exposure to deep sediments is high. 

 

Alternative DS-3 (Removal and Off-Site Disposal) provides the highest degree of long-term 

effectiveness and permanence because the sediments exceeding the arsenic PRG would be 

completely removed from the site and the resulting magnitude of residual risk would be low. 

 

4.3.6.4  Reduction of Toxicity, Mobility, or Volume Through Treatment 

 

Alternative DS-1 (No Action), Alternative DS-2 (Monitoring with Institutional Controls), and 

Alternative DS-3 (Removal and Off-Site Disposal) do not provide any treatment of contaminants 

and do nothing to reduce the toxicity of the deeper sediment.  Alternative DS-3 (Removal and 

Off-Site Disposal) may provide for limited off-site treatment if necessary to qualify for land 

disposal at a licensed landfill.   

 

4.3.6.5  Short-Term Effectiveness 

 

Because Alternative DS-1 (No Action) and Alternative DS-2 (Monitoring with Institutional 

Controls) would not require any onsite actions, there would be no short-term impacts to the 

community or to on-site workers.   
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Alternative DS-3 (Removal and Off-site Disposal) would have the most significant short-term 

impacts on the community and onsite workers.  However, impacts to workers would be minimal 

since construction activities would be completed in accordance with appropriate health and 

safety procedures. Potential risks and hazards associated with fugitive dust emissions would be 

addressed with prescribed engineering controls. These impacts would mostly stem from 

inconveniences in traffic control during construction and/or excavation activities, as well as 

potential nuisance odors resulting from excavating large portions of a wetland.    

 

No adverse environmental impacts would be anticipated from Alternative DS-1 (No Action) and 

Alternative DS-2 (Monitoring with Institutional Controls).  Extensive and severe environmental 

impacts would be caused by Alternative DS-3 (Removal and Off-Site Disposal) during 

construction of haul roads, intrusions into the wetland areas to access the deep sediment 

locations, dredging or excavation of sediments, and restoration of the wetland areas.  There 

would also be potential impacts due to creation of suspended solids during excavation.  

Although these impacts would be minimized by engineering controls and specialized 

construction methods during the remediation, periodic storm events and flooding could 

overwhelm the engineering controls and result in the uncontrolled release of contaminated 

sediments from work areas.  Benthic communities and other wetland habitat features that are 

destroyed during sediment removal would eventually re-establish, but it may take a significantly 

long period of time to recover fully. These impacts would require mitigation both during and 

following remedial construction activities. 

 

4.3.6.6  Implementability 

 

Alternative DS-1 (No Action) and Alternative DS-2 (Monitoring with Institutional Controls) are 

the easiest to implement because there are no onsite remedial actions required. However, as 

discussed above, institutional controls under Alternative DS-2 (Monitoring with Institutional 

Controls) may be more difficult to complete due to potential delays that may be encountered 

with the inauguration of the actual institutional controls and deed attachment documents. 

 

Alternative DS-3 (Removal and Off-Site Disposal) would be the most difficult to complete due to 

the complexities of access by dredging equipment to the interior portions of the wetlands in 

order to access the deep sediment areas as  well as the significant volume of sediments 

requiring remediation.  In addition, deep sediment locations are generally situated within the 
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river channel and would likely require specialized removal methods.  Specialized excavation or 

hydraulic dredging equipment would be required since the remediation areas extend hundreds 

of feet into the wetland areas (e.g. Well G&H wetland area).  Also, Alternative DS-3 (Removal 

and Off-Site Disposal) requires additional tasks including dewatering of wetland sediments, 

water treatment, and restoration of a wetland area.  The specialized equipment and expertise 

required to perform the work are available, but from limited sources. 

 

RAOs for protection of human health would be achieved as soon as the institutional controls are 

implemented for Alternative DS-2 (Monitoring with Institutional Controls), and upon completion 

and removal of contaminated sediments under Alternative DS-3 (Removal and Off-Site 

Disposal). 

 

4.3.6.7  Cost 

 

The overall cost for each alternative is based upon the initial capital cost to construct the 

remedy and the annual operation and maintenance costs to maintain the integrity of the remedy 

over 30 years. Using a seven percent discount factor, the total remedy costs over a 30-year 

period are then calculated in a present-worth analysis. 

 

Since no action is required for Alternative DS-1 (No Action), no costs would be incurred. 

Present-worth values for other alternatives are estimated as follows: 

 

•  Alternative DS-2 (Monitoring with Institutional Controls)  $459,000 

•  Alternative DS-3 (Removal and Off-Site Disposal)  $117,378,000 

 

The cost for Alternative DS-3 (Removal and Off-Site Disposal) is volume dependent.  This cost 

could vary significantly (plus or minus) depending on the actual limits of contamination 

exceeding the PRGs.  The limits of contamination assumed for this FS are based upon widely 

spaced data, and additional studies should be performed prior to completing the final remedial 

design to more accurately delineate the extent of remediation required. 
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4.3.7  Comparative Analysis of Surface Water Alternatives 

 

As part of the detailed analysis, this section presents an evaluation of the relative performance 

of each surface water alternative with regards to seven of the nine NCP evaluation criteria and 

is used in the selection of a remedial alternative by evaluating the advantages and 

disadvantages of each alternative in comparison to the NCP criteria. 

 

Deep surface water in the HBHA Pond does not pose human health risks or hazards in excess 

of regulatory guidelines. Consequently, only environmental risks are specifically addressed by 

the selected remedial alternatives.  

 

4.3.7.1  Overall Protection of Human Health and the Environment 

 

Alternative SW-1 (No Action) offers no protection to the environment.  If implemented in 

conjunction with other groundwater and sediment remedial alternatives, Alternative SW-2 

(Monitoring) and Alternative SW-3 (Monitoring and Providing an Alternate Habitat) would 

provide protection to the environment by monitoring and evaluating risks to the benthic 

community and evaluating potential reductions in contaminants due to natural attenuation 

processes or other remedial alternatives selected for groundwater and sediments.    

 

Alternative SW-3 (Monitoring and Providing an Alternate Habitat) would provide the highest 

level of environmental protection since an alternate habitat would be constructed to preserve 

the benthic community inventory within the watershed until the surface water is restored.  RAOs 

would be achieved by Alternative SW-3 (Monitoring and Providing an Alternate Habitat).   

 

4.3.7.2  Compliance with ARARs 

 

Alternative SW-1 (No Action) would not comply with chemical-specific ARARs.  If implemented 

in conjunction with other groundwater and sediment remedial alternatives, such as Alternative 

HBHA-4, then Alternative SW-2 (Monitoring) and Alternative SW-3 (Monitoring and Providing an 

Alternate Habitat) would attain the action-specific and chemical-specific ARARs pertaining to 

federal or state ambient water quality criteria for site-related contaminants at the point of 

compliance. In the case of Alternative HBHA-4, the point of compliance would be immediately 

downstream of the cofferdams. 
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Alternative SW-3 (Monitoring and Providing an Alternate Habitat) would comply with the surface 

water RAO, which is to provide an alternate habitat if the PRGs can not be achieved.  

Alternative SW-3 (Monitoring and Providing an Alternate Habitat) would comply with all 

pertinent ARARs during the construction of the alternate habitat. 

 

4.3.7.3  Long-Term Effectiveness and Permanence 

 

The magnitude of residual risks would remain high for each alternative since contamination is 

not being removed from the surface water.  Alternative SW-2 (Monitoring) and Alternative SW-3 

(Monitoring and Providing an Alternate Habitat) do offer periodic monitoring and reviews to re-

evaluate risks and monitor the degradation of contaminants through natural attenuation 

processes.  In the long-term, once contaminated groundwater discharges are eliminated, 

natural attenuation processes, assumed for Alternative SW-2 (Monitoring) and Alternative SW-3 

(Monitoring and Providing an Alternate Habitat), would either destroy residual organic 

contaminants (benzene) or reduce the toxicity and mobility of inorganic contaminants (arsenic) 

significantly lowering the magnitude of residual risk. 

 

4.3.7.4  Reduction of Toxicity, Mobility, or Volume Through Treatment 

 

None of the surface water alternatives would provide any treatment of contaminants beyond 

that which would occur through natural attenuation processes present in deep surface water in 

the Pond.  

 

4.3.7.5  Short-Term Effectiveness 

 

Because Alternative SW-1 (No Action) would not require any action, there would be no short-

term impacts to the community or to onsite workers.  Since no onsite actions are required under 

Alternative SW-2 (Monitoring), other than periodic collection of environmental samples, there 

would be no impacts to the community.  Potential impacts to workers under Alternative SW-2 

(Monitoring) would be addressed by implementing appropriate health and safety and 

engineering controls. 
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Alternative SW-3 (Monitoring and Providing an Alternate Habitat) would have the most short-

term impacts on the community.  Potential risks and hazards associated with fugitive dust 

emissions during construction of the compensatory wetland would be addressed with 

prescribed engineering controls.  Impacts to workers would be minimal since construction 

activities would be completed in uncontaminated areas and would be conducted in accordance 

with appropriate health and safety procedures. Other non-health related impacts would result 

from inconveniences in traffic control during construction of the compensatory wetlands.  

Alternative SW-3 (Monitoring and Providing an Alternate Habitat) would take the longest to 

implement from a construction schedule since it is the only alternative with onsite actions. 

 

RAOs for protection of the environment would be achieved as soon as the compensatory 

wetland(s) is constructed and repopulated.  The RAO for surface water under Alternative SW-2 

(Monitoring) would not be achieved unless other groundwater and sediment alternatives are 

implemented in conjunction with Alternative SW-2 to address contaminated groundwater 

discharges and contaminated sediments. 

 

4.3.7.6  Implementability 

 

Alternative SW-1 (No Action) and Alternative SW-2 (Monitoring) would be the simplest 

alternatives to implement because there are no remedial actions required.  Alternative SW-2 

(Monitoring) would, however, require additional effort since periodic monitoring would be 

included.   

 

Alternative SW-3 (Monitoring and Providing an Alternate Habitat), would be the most difficult 

tom implement due to the requirement to construct approximately five acres of compensatory 

wetlands in an urban setting.  It may be difficult to locate large parcels of suitable available land 

within the watershed.  It is reasonable to assume that the total acreage required will be met by 

several smaller parcels in different locations, which in the aggregate, comprise the 5-acre 

compensatory wetland requirement.  The areas within the watershed are highly developed and 

it may be difficult and costly to acquire these properties.  

 

Also, Alternative SW-3 (Monitoring and Providing an Alternate Habitat) would be more difficult 

to implement because construction of the compensatory wetlands would include tasks that 
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require specialized design and construction skills.  However, these skills are readily available 

from several sources. 

 

4.3.7.7  Cost 

 

The overall cost for each alternative is based upon the initial capital cost to construct the 

remedy and the annual operation and maintenance costs to maintain the integrity of the remedy 

over 30 years.  Using a seven percent discount factor, the total remedy costs over a 30-year 

period are then calculated in a present-worth analysis. 

 

Since no action is required for Alternative SW-1 (No Action), no costs would be incurred. Costs 

for other Alternative SW-2 (Monitoring) and Alternative SW-3 (Monitoring and Providing an 

Alternate Habitat), are estimated as follows: 

 

•  Alternative SW-2 (Monitoring)      $  3,226,000 

•  Alternative SW-3 (Monitoring and Providing an Alternate Habitat) $10,797,000 

 

The cost for Alternative SW-3 (Monitoring and Providing an Alternate Habitat) is dependent 

upon the availability and actual purchase price of land required to construct the compensatory 

wetland(s).   These costs could vary significantly (plus or minus) depending on the location and 

current use. 

 



TABLES



TABLE ES-1
COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

Capital Costs Annual O&M Costs Present Worth

SURFACE SOIL (SS)

Alternative SS-1:  No Action □ □ □ □ ■ ■ $0 $0 $0
Alternative SS-2:  Institutional Controls ◘ ■ ◘ □ ■ ■ $185,000 $30,000 $600,000
Alternative SS-3:  Permeable Cover with Institutional Controls ■ ■ ◘ □ ◘ ◘ $5,329,000 $48,000 $5,992,000
Alternative SS-4:  Excavation and Off-Site Disposal ■ ■ ■ □ ◘ ■ $47,172,000 $0 $47,172,000
Alternative SS-5:  Excavation, Treatment, and On-Site Reuse ■ ■ ■ ■ ◘ ◘ $22,993,000 $0 $22,993,000

SUBSURFACE SOIL (SUB)

Alternative SUB-1:  No Action □ □ □ □ ◘ ■ $0 $0 $0

Alternative SUB-2:  Institutional Controls ■ ■ ◘ □ ■ ■ $315,000
$108,000 (yr 1-10)  
$30,000 (yr 11-30) $1,276,000

Alternative SUB-3:  Permeable Cover with Institutional Controls ■ ■ ■ □ ◘ ◘ $6,495,000
$159,000 (yr 1-10)  
$81,000 (yr 11-30) $8,070,000

GROUNDWATER (GW)

Alternative GW-1: No Action □ □ □ □ ◘ ◘ $0 $0 $0

Alternative GW-2: Pond Intercept with Monitoring and Institutional Controls ◘ ■ ◘ ◘ ◘ ■ $432,000
$410,000 (yr 1-5)  

$205,500 (yr 6-30) $3,918,000
Alternative GW-3: Plume Intercept by Groundwater Extraction, Treatment and Discharge and
Monitoring with Institutional Controls ■ ■ ■ ■ ◘ ◘ $4,739,000

$1,297,500 (yr 1-2)  
$1,040,000 (yr 3-30) $19,137,000

Alternative GW-4: Plume Intercept by In-Situ Groundwater Treatment, and Monitoring with Institutional
Controls ■ ■ ◘ ◘ ◘ □ $13,089,000

$444,000 (yr 1-5)  
$222,000 (yr 6-30) $17,792,000

HBHA POND SEDIMENTS (HBHA)

Alternative HBHA-1: No Action □ □ □ □ ◘ ◘ $0 $0 $0

Alternative HBHA-2: Monitoring □ □ □ □ ◘ ■ $0
$144,000/yr 1-2               
$70,000/yr 3-30 $1,201,000

Alternative HBHA-3: Subaqueous Cap ■ ■ ◘ □ ◘ □ $3,160,000 $144,000 $5,291,000

Alternative HBHA-4: Storm Water Bypass and Sediment Retention with Partial Dredging and Providing
an Alternate Habitat

■ ◘ ◘ ◘ ◘ ◘
$5,419,000

$176,000/yr 1-3        
$100,000/yr 4-30        

$1,136,500 (every 5yrs) $9,187,000
Alternative HBHA-5: Removal and Off-Site Disposal ■ ■ ■ ◘ ◘ ◘ $3,560,000 $95,000/yr 1-3 only $3,810,000

NEAR SHORE SEDIMENTS (NS)

Alternative NS-1: No Action □ □ □ □ ◘ ◘ $0 $0 $0
Alternative NS-2: Institutional Controls ◘ ◘ ◘ □ ■ ■ $70,000 $16,300 $338,000
Alternative NS-3: Monitored Natural Recovery ◘ ◘ ◘ □ ■ ■ $70,000 $135,000 $1,807,000
Alternative NS-4: Removal and Off-Site Disposal ■ ■ ■ ◘ ◘ ◘ $2,997,000 $95,000/yr 1-3 only $3,247,000

DEEP SEDIMENTS (DS)

Alternative DS-1: No Action □ □ □ □ ■ ◘ $0 $0 $0
Alternative DS-2: Institutional Controls ◘ ◘ ◘ □ ■ ■ $44,000 $30,000 $459,000
Alternative DS-3: Removal and Off-Dite Disposal ■ ■ ■ ◘ □ ◘ $116,968,000 $100,000/yr 1-3 only $117,378,000

SURFACE WATER (SW)

Alternative SW-1: No Action □ ◘ □ □ ■ ◘ $0 $0 $0
Alternative SW-2: Monitoring □ ◘ ◘ □ ■ ■ $0 $236,000 $3,226,000
Alternative SW-3: Monitoring and Providing an Alternate Habitat ◘ ◘ ■ □ ■ ◘ $7,807,000 $236,000 $10,797,000

□ ◘ ■Low rating in comparison to other 
alternatives for specificed criterion

Mid-range rating in comparison to 
other alternatives for specificed 
criterion

High rating in comparison to other alternatives for 
specificed criterion

COSTS
Reduction of Toxicity, 

Mobility, or Volume 
Through Treatment

Short-Term 
Effectiveness

Implementability

MEDIUM

Overall Protection 
of Human Health 

and the 
Environment

Compliance 
with ARARs

Long-Term 
Effectiveness and 

Permanence
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TABLE 1-1
SUMMARY OF HUMAN HEALTH RECEPTOR RISKS

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

Station Scenario/Receptor RME Major contributors to risk

(Recreational User) or CT (> 1E-06, HI > 1)

SEDIMENT
13/TT-27 Future RME 7E-04 1E+01 sediment (C) - As; benzo(a)pyrene

CT 5E-05 3E+00 (NC) - As
WH Current RME 1E-04 2E+00 sediment (NC) - As

CT 2E-05 1E+00
Future RME 4E-04 7E+00 sediment (C) - As; benzo(a)pyrene

CT 2E-05 1E+00 (NC) - As
NT-3 Future RME 9E-05 2E+00 sediment (NC) - As

CT 6E-06 4E-01
CB-03 Current RME 1E-04 3E+00 sediment (C) - As

CT 2E-05 1E+00 (NC) - As
Future RME 1E-04 3E+00 sediment (NC) - As

CT 2E-05 1E+00
SEDIMENT CORES

SC02 Future Dredger RME 5E-05 4E+00 sediment (NC) - As
CT 6E-06 1E+00

SC05 Future Dredger RME 3E-05 3E+00 sediment (NC) - As
CT 5E-06 1E+00

SC06 Future Dredger RME 6E-05 5E+00 sediment (NC) - As
CT 7E-06 1E+00

SC08 Future Dredger RME 4E-05 4E+00 sediment (NC) - As
CT 3E-06 5E-01

SOIL
SO Future Day Care Child RME 1E-04 2E+00 soil (C) - As

(surface soil) CT 2E-05 1E+00
Future Day Care Child RME 1E-03 4E+01 soil (C) - As

(subsurface soil) CT 3E-04 2E+01 (NC) - As
Future Const. Worker RME 4E-05 7E+00 soil (NC) - As

(subsurface soil) CT 1E-05 2E+00
GROUNDWATER

Future Const. Worker RME 2E-05 3E+00 groundwater (NC) - As
CT 6E-06 9E-01

Future Industrial Worker RME 1E-03 2E+01
groundwater

indoor air

(C) - 1,2-Dichloroethane, 
benzene, chloroform, 
trichloroethene, MTBE, As

CT 4E-04 2E+01 (NC) - Benzene, naphthalene, As

Future Car Wash Worker RME 1E-03 2E+01 indoor air
(C) - 1,2-Dichloroethane, 
benzene, chloroform, 
trichloroethene, MTBE

CT 4E-04 2E+01 (NC) - Benzene, naphthalene
Notes:
Bolded values exceed a cancer risk of 1E-04 or a target organ HI of 1.

HI - Hazard Index (C) - Carcinogenic Risk
RME - Reasonable Maximum Exposure (NC) - Noncarcinogenic Risk
CT - Central Tendency Exposure
As - Arsenic

Northern Study 
Area

Total 
Noncancer 

Risks

Media           
> 1E-04 or          

HI > 1

Total Cancer 
Risks
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TABLE 1-2
SUMMARY OF RISK CONCLUSIONS - COMBINED STUDY AREAS

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

INCREASING LEVEL OF RISK FROM NEGLIGIBLE TO HIGH

Receptor Endpoint
Negligible Risk 

Potential
Low Uncertainty 

 Low Risk Potential
Increased Uncertainty

Moderate Risk
High Uncertatinty

Moderate/High Risk
Decreased Uncertainty 

High Level of 
Impacts

Low Uncertainty  

Muskrat
Sustainability (survival, growth, 

reproduction) of local populations of 
omnivorous, semi-aquatic mammals 

Moderate risk - arsenic in diet in 
Reaches 0, 1 & 2.  Modeling with 

high uncertainty.  Uncertain 
population effects. 

No

River Otter
Sustainability (survival, growth, 

reproduction) of local populations of 
piscivorus, semi-aquatic mammals 

Low risk.  Modeling with moderate 
uncertainty.   No

Green Heron
Sustainability (survival, growth, 

reproduction) of local populations of 
piscivorus birds

Negligible Risk 
Potential

Low Uncertainty. 
No

Mallard
Sustainability (survival, growth, 

reproduction) of local populations of 
waterfowl

Low risk due to metals in limited area 
of Reach 1.  Modeling with moderate 

uncertainty.   
No

Northern Short-
tailed Shrew

Sustainability (survival, growth, 
reproduction) of local populations of 

small terrestrial mammals

Low risk - arsenic in diet.  Modeling 
with high uncertainty.  Uncertain 

population effects. 
No

Warmwater fish 
populations

Sustainability (survival, growth, 
reproduction) of local populations of 

bottom-feeding fish 

Reaches 2 to 6  with 
low risk based on tissue 
data.  Uncertain risk in 

Reach 1. 

 HBHA Pond and HBHA Wetlands 
with low risk based on tissue arsenic 
data.  Some exceedences of tissue 
benchmarks.  Uncertain population 

effects. 

No

Benthic 
Invertebrate 

Communities

Sustainability (survival, growth, 
reproduction) of local populations of 

benthic invertebrates

HBHA wetland and Reaches 1 & 2 
with Low/uncertain toxicity and  

communtiy impairment.

HBHA Pond with high risk 
based on severe toxicity and 

community  impairment.  
High tissue metals.

Yes

RATING: L = LOW,    M = MODERATE,    H = HIGH ,   U = UNCERTAIN ,  n / a = NEGLIGIBLE RISK, or not applicable 
     Note:        1 Unacceptable Risk is defined in USEPA (1999) as a predicted impact to a local population or community of sufficient magnitude, severity, areal extent, and

duration that they will not be able to recover and/or maintain themselves in a healthy state.  Additionally, these effects are predicted to exceed the natural variation in
similar reference areas.
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Total Media

Station Noncancer > 1E-04 or

Risks HI > 1

A6 Current Rec. User RME 7E-06 2E-01 N/A
CT 2E-06 1E-01

Future Rec. User RME 1E-05 4E-01 N/A
(surface soil) CT 2E-06 1E-01

Future Rec. User RME 2E-05 5E-01 N/A
(subsurface soil) CT 7E-07 6E-02

HB04 Current Rec. User RME 3E-07 1E-02 N/A
CT 7E-08 6E-03

Future Rec. User RME 7E-07 2E-02 N/A
(surface soil) CT 7E-08 6E-03

Current Groundskeeper RME 2E-06 1E-02 N/A
(surface soil) CT 4E-07 7E-03

Future Groundskeeper RME 7E-06 5E-02 N/A
(surface soil) CT 1E-06 2E-02

Future Day Care Child RME 2E-05 6E-01 N/A
(surface soil) CT 4E-06 3E-01

Future Const. Worker RME 6E-07 1E-01 N/A
(surface soil) CT 2E-07 3E-02

SO Current Groundskeeper RME 1E-05 5E-02 N/A
(surface soil) CT 2E-06 2E-02

Current Day Care Child RME 1E-04 1E+00 N/A
(surface soil) CT 1E-05 7E-01

Future Groundskeeper RME 4E-05 2E-01 N/A
(surface soil) CT 6E-06 8E-02

Future Day Care Child RME 1E-04 2E+00 soil (C) - As
(surface soil) CT 2E-05 1E+00

Future Day Care Child RME 1E-03 4E+01 soil (C) - As
(subsurface soil) CT 3E-04 2E+01 (NC) - As

Future Const. Worker RME 3E-06 4E-01 N/A
(surface soil) CT 1E-06 1E-01

Future Const. Worker RME 4E-05 7E+00 soil (NC) - As
(subsurface soil) CT 1E-05 2E+00

NR Current RME 2E-05 4E-01 N/A
Recreational User CT 4E-06 2E-01

Future RME 4E-05 9E-01 N/A
Recreational User CT 4E-06 2E-01

WSS Current RME 4E-06 2E-01 N/A
Recreational User CT 2E-06 1E-01

Future RME 4E-06 2E-01 N/A
Recreational User CT 2E-06 1E-01

CB-05 Current RME 2E-05 6E-01 N/A
Recreational User CT 1E-05 5E-01

Future RME 2E-05 6E-01 N/A
Recreational User CT 1E-05 5E-01

DA Current RME 6E-05 2E+00 (a) N/A
Recreational User CT 4E-06 3E-01

Future RME 6E-05 2E+00 (a) N/A
Recreational User CT 4E-06 3E-01

Total Cancer 
Risks

HUMAN HEALTH RISK ASSESSMENT

WOBURN, MASSACHUSETTS

Scenario/Receptor
Major contributors to risk      

(> 1E-06, HI > 1)
RME or CT

TABLE 1-3
SUMMARY OF RECEPTOR RISKS - SOIL

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

RI051270DF Tetra Tech NUS, Inc.



HUMAN HEALTH RISK ASSESSMENT

PAGE 2 OF 2

Total Media

Station Noncancer > 1E-04 or

Risks HI > 1

KF Current RME 1E-05 4E-01 N/A
Recreational User CT 9E-07 7E-02

Future RME 1E-05 4E-01 N/A
Recreational User CT 9E-07 7E-02

DP Current RME 1E-05 5E-01 N/A
Recreational User CT 9E-07 9E-02

Future RME 1E-05 5E-01 N/A
Recreational User CT 9E-07 9E-02

AJRW Current RME 2E-05 5E-01 N/A
Recreational User CT 1E-06 9E-02

Future RME 2E-05 5E-01 N/A
Recreational User CT 1E-06 9E-02

WSS Current/Future RME 1E-05 5E-01 N/A
Area Resident CT 8E-06 5E-01

CB-05 Current/Future RME 7E-05 2E+00 (a) N/A
Area Resident CT 5E-05 2E+00 (a)

KF Current/Future RME 5E-05 1E+00 N/A
Area Resident CT 9E-06 8E-01

DP Current/Future RME 5E-05 2E+00 (a) N/A
Area Resident CT 9E-06 1E+00

AJRW Current/Future RME 7E-05 2E+00 (a) N/A
Area Resident CT 1E-05 9E-01

Notes:
Bolded values exceed a cancer risk of 1E-04 or a target organ HI of 1.
(a)  Even though the total receptor HI exceeded 1 for this pathway, target organ HIs were all less than the target HI of 1.
HI - Hazard Index (C) - Carcinogenic Risk
RME - Reasonable Maximum Exposure (NC) - Noncarcinogenic Risk
CT - Central Tendency Exposure NE - Not Evaluated
As - Arsenic N/A - Not Applicable

Major contributors to risk      
(> 1E-06, HI > 1)

Scenario/Receptor RME or CT
Total Cancer 

Risks

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

TABLE 1-3  (cont.)
SUMMARY OF RECEPTOR RISKS - SOIL

DRAFT FINAL MSGRP FEASIBILITY STUDY

RI051270DF Tetra Tech NUS, Inc.



RME Total Media
or CT Noncancer > 1E-04 or

Risks HI > 1
Class A Future Const. Worker RME 4E-07 1E-01 N/A

CT 2E-08 1E-02
Future Industrial Worker RME 1E-05 2E-01 N/A

CT 3E-06 1E-01
Future Car Wash Worker RME N/A 2E-02 N/A

CT N/A 1E-02

Study Area Future Const. Worker RME 2E-05 3E+00 groundwater (NC) - As

CT 6E-06 9E-01

Future Industrial Worker RME 1E-03 2E+01
groundwater

indoor air

(C) - 1,2-Dichloroethane, 
benzene, chloroform, 
trichloroethene, 
pentachlorophenol, MTBE, 
As

CT 4E-04 2E+01
(NC) - Benzene, 
naphthalene, As

Future Car Wash Worker RME 1E-03 2E+01 indoor air
(C) - 1,2-Dichloroethane, 
benzene, chloroform, 
trichloroethene, MTBE

CT 4E-04 2E+01
(NC) - Benzene, 
naphthalene

Notes:
Bolded values exceed a cancer risk of 1E-04 or a target organ HI of 1.

HI - Hazard Index (C) - Carcinogenic Risk
RME - Reasonable Maximum Exposure (NC) - Noncarcinogenic Risk
CT - Central Tendency Exposure NE - Not Evaluated
As - Arsenic N/A - Not Applicable
MTBE - Methyl tert-butyl ether

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

TABLE 1-4
SUMMARY OF RECEPTOR RISKS - GROUNDWATER

HUMAN HEALTH RISK ASSESSMENT
DRAFT FINAL MSGRP FEASIBILITY STUDY

Scenario/ReceptorStation
Total Cancer 

Risks
Major contributors to risk 

(> 1E-06, HI > 1)

RI051270DF Tetra Tech NUS, Inc.



INCREASING LEVEL OF RISK FROM NEGLIGIBLE TO HIGH Ecological Significance 1

Receptor/
Endpoint

Negligible Risk 
Potential

Low Uncertainty 

 Low Risk Potential
Increased 

Uncertainty

Moderate Risk
High Uncertatinty

Moderate/High Risk
Decreased 
Uncertainty 

High Level of 
Impacts

Low 
Uncertainty  

Muskrat

Moderate risk - arsenic 
in diet in Reaches 0, 1 

& 2.  Modeling with 
high uncertainty.  

Uncertain population 
effects. 

No U / L 8, 9 L U / M 10 U / M U / M 11 No

River Otter
Low risk.  Modeling 

with moderate 
uncertainty.   

No n / a n / a n / a n / a n / a No

Green Heron
Negligible Risk 

Potential
Low Uncertainty. 

No n / a n / a n / a n / a n / a No

Mallard

Low risk due to metals 
in limited area of 

Reach 1.  Modeling 
with moderate 
uncertainty.   

No U / L 8, 9 L U / L 10 U / L U / L 11 No

WOBURN, MASSACHUSETTS

→  →  →  →  →  →  →

U
n

accep
tab

le E
co

lo
g

ical R
isk 15

R
eco

very p
o

ten
tial o

f th
e 

affected
 recep

to
r an

d
 

ch
em

ical p
ersisten

ce 7

E
xten

t to
 w

h
ich

 th
e affected

 
area is h

ig
h

ly sen
sitive o

r 
eco

lo
g

ically u
n

iq
u

e 6

E
n

d
an

g
ered

 o
r sen

sitive 
sp

ecies
2

M
ag

n
itu

d
e o

f th
e effect an

d
 

level o
f b

io
lo

g
ical 

o
rg

an
izatio

n
 affected

 3 

TABLE 1-5
SUMMARY OF RISK CONCLUSIONS - MSGRP RI STUDY AREA

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
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INCREASING LEVEL OF RISK FROM NEGLIGIBLE TO HIGH Ecological Significance 1

Receptor/
Endpoint

Negligible Risk 
Potential

Low Uncertainty 

 Low Risk Potential
Increased 

Uncertainty

Moderate Risk
High Uncertatinty

Moderate/High Risk
Decreased 
Uncertainty 

High Level of 
Impacts

Low 
Uncertainty  

Northern Short-
tailed Shrew

Low risk - arsenic in 
diet.  Modeling with 

high uncertainty.  
Uncertain population 

effects. 

No U / L 8, 9 L U / L 10 L U / L 11 No

Warmwater fish 
populations

Reaches 2 to 6  
with low risk 

based on tissue 
data.  Uncertain 
risk in Reach 1. 

 HBHA Pond and 
HBHA Wetlands with 

low risk based on 
tissue arsenic data.  

Some exceedences of 
tissue benchmarks.  
Uncertain population 

effects. 

No L 9, 12 L U / L 10 L L 13 No

Benthic 
Invertebrate 

Communities

HBHA wetland and 
Reaches 1 & 2 with 

Low/uncertain toxicity 
and  communtiy 

impairment.

HBHA Pond with high 
risk based on severe 

toxicity and community  
impairment.  High 

tissue metals.

No U / M 9, 14 L L L L 13 Yes

R
elative im

p
o

rtan
ce o

f th
e 

affected
 area to

 th
e 

su
rro

u
n

d
in

g
 h

ab
itat 5

E
xten

t to
 w

h
ich

 th
e affected

 
area is h

ig
h

ly sen
sitive o

r 
eco

lo
g

ically u
n

iq
u

e 6

R
eco

very p
o

ten
tial o

f th
e 

affected
 recep

to
r an

d
 

ch
em

ical p
ersisten

ce 7

→  →  →  →  →  →  →

E
n

d
an

g
ered

 o
r sen

sitive 
sp

ecies
2

M
ag

n
itu

d
e o

f th
e effect an

d
 

level o
f b

io
lo

g
ical 

o
rg

an
izatio

n
 affected

 3 

L
ikelih

o
o

d
 th

e effect w
ill 

o
ccu

r o
r co

n
tin

u
e 4

TABLE 1-5 (cont.)
SUMMARY OF RISK CONCLUSIONS - MSGRP RI STUDY AREA
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
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RATING: L = LOW,    M = MODERATE,    H = HIGH ,   U = UNCERTAIN ,  n / a = NEGLIGIBLE RISK, or not applicable 
NOTES:

1 Ecological significance is defined in USEPA (1997) or OSWER Directive 9285.7-28, "Ecological Risk Assessment and Risk Management Principles for Superfund Sites," dated October 7, 1999. 
The six categories address the factors recommended in the OSWER guidance to be considered in evaluating the significance of ecological effects.  The magnitude of the potential risk was
considered in evaluating the significance of each factor; a low risk to the receptor generally equates to low ecological significance.

2 No endangered species were identified.  The affected populations do not represent other known species with sensitivity to the chemical of potential concern (arsenic). 
3 The magnitude of the observed or predicted ecological effects and level of biological organization affected (individual, local population, or community).  
4 The likelihood that effects will occur or continue in terms of bioaccumulation or biomagnification into the food chain.
5 The extent to which the affected area is important to the functioning of the surrounding habitat (e.g., wildlife migration corridor, overwintering habitat, etc.).
6 The degree to which the affected area itself (directly) represents highly sensitive or ecologically unique (essential) habitat to the receptor population (e.g., nursery habitat).
7 The likelihood an affected receptor will not recover from the effect of site releases (i.e., species has long generation time or limited foraging range, chemical persistance in the environment). 
8 There is high uncertainty in the magnitude of risk because it was estimated using modeling methods without any direct measure of effect (no model verification).
9 Loss of individuals or effects on reproduction may be mitigated in the affected area by immigration from nearby habitats (recruitment from the regional population).

10 Halls Brook and the Aberjona River could function as migration corridors to wildlife and fish, however, it is uncertain whether they are used for this purpose.
11 Receptor has generation time that is moderately short, sediment arsenic is persistent in the affected area, but not fully bioavailable because of chelation to iron.   
12 No population effect was detected in Reaches 1 to 6 based on tissue data, however, no fish tissue samples were collected in Reach 1.  Tissue concentrations of arsenic exceeded benchmarks

in Reach 0.  Population effects uncertain in Reach 0.
13 Receptor has generation time that is short (invertebrates) or moderately short (fish), sediment arsenic is persistent in the affected area, but not fully bioavailable because of chelation to iron.   
14 Triad analysis (chemical, biological, and ecological field sampling) identified a high magnitude of effect in the HBHA Pond, however, downgradient of the pond there was lower community

effects associated with higher uncertainty. 
15 Unacceptable Risk is defined in USEPA (see footnote 1) as a predicted impact to a local population or community of sufficient magnitude, severity, areal extent, and

duration that they will not be able to recover and/or maintain themselves in a healthy state.  Additionally, these effects are predicted to exceed the natural variation in similar reference areas.

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

TABLE 1-5 (cont.)
SUMMARY OF RISK CONCLUSIONS - MSGRP RI STUDY AREA

RI051270DF Tetra Tech NUS, Inc.



TABLE 2-1
POTENTIAL CHEMICAL-SPECIFIC ARARs

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CONSIDERATION FOR FEASIBILITY 
STUDY

Federal 
Regulatory 
Requirements 

National Pollution Discharge 
Elimination System (NPDES)
(40 CFR 122)

Potentially 
Applicable

Regulates the discharge of water into public surface 
waters.  Major requirements include the following:
Use of best available technology economically 

achievable is required to control toxic and non-
conventional pollutants.  Use of best conventional 
pollutant control technology is required to control 
conventional pollutants.  Technology-based limitations 
may be determined on a case-by-case basis.

Applicable federally-approved state water quality 
standards must be complied with.  These standards 
may be in addition to or more stringent than other 
federal standards under the CWA.

Any alternative that involves discharges 
to surface waters may need to include 
treatment to comply with NPDES.

Massachusetts’ federally-approved 
NPDES permit program is outlined in 
314 CMR 3.00.

National Recommended 
Water Quality Criteria [Clean 
Water Act-Section 304(a)(1)]

Relevant and 
Appropriate

Provides surface water quality standards for a number of 
organic and inorganic contaminants.

NAWQC may be used in determining 
PRGs for surface water.

Massachusetts Surface 
Water Quality Standards 
(314 CMR 4.00)

Potentially 
Applicable

These standards designate the most sensitive uses for 
which the various waters of the Commonwealth shall be 
enhanced, maintained, or protected.  Minimum water 
quality criteria required to sustain the designated uses 
are established.  Federal AWQC are to be considered in 
determining effluent discharge limits.  Where 
recommended limits are not available, site-specific limits 
shall be developed.

Discharges of water (in the form of 
dewatering effluent, groundwater 
treatment system effluent, etc.) to 
surface water bodies will be governed 
by this regulation.

Massachusetts Ground 
Water Discharge Permit 
Program (314 CMR 5.00)

Potentially 
Applicable

Groundwater discharges shall not result in a violation of 
Massachusetts Surface Water Quality Standards (314 
CMR 4.00) or Massachusetts Ground Water Quality 
Standards (314 CMR 6.00).

Remedial alternatives that include 
groundwater discharge will need to 
comply with this regulation.



TABLE 2-1 (cont.)
POTENTIAL CHEMICAL-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 2

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CONSIDERATION FOR FEASIBILITY 
STUDY

State 
Regulatory 
Requirements

Massachusetts Groundwater 
Quality Standards
(314 CMR 6.00)

Applicable These standards designate and assign uses for which 
groundwater in the Commonwealth shall be managed 
and protected, and set forth water quality criteria 
necessary to maintain the designated areas.

GW-3 and GW-1 standards apply to the 
site.  These classifications will dictate 
the remedial goals that must be met for 
groundwater.

Massachusetts Contingency 
Plan, Method 1 Groundwater 
Standards, 310 CMR 
40.0974(2)

Relevant and 
Appropriate

The MCP has established a set of risk-based threshold 
concentrations that must be attained in order to achieve a 
condition of no significant risk for groundwater within a 
particular groundwater classification area.

Method 1 standards will be considered 
during the development of PRGs for 
groundwater and soils.

Massachusetts Ambient Air 
Quality Standards (310 CMR 
6.0) and Massachusetts Air 
Pollution Control Regulations 
(310 CMR 7.00)

Potentially 
Applicable

The applicable portions of this regulation establish 
requirements for the design and construction of 
Contaminated Groundwater Treatment Systems (CGTS) 
within the Commonwealth of Massachusetts.  These 
include instrumentation requirements and record keeping 
requirements to ensure compliance with the emission 
standards.  

This regulation also contains standards for fugitive 
emissions, dust, and particulates during construction.

Any groundwater treatment system that 
includes point-source air emissions as 
part of the treatment process would 
need to comply with these 
requirements.

Remedial actions that involve 
excavation of any type must be 
designed to minimize fugitive emissions 
of any type.

Criteria, 
Advisories, and 
Guidance

Cancer Slope Factors 
(CSFs)

To Be 
Considered

Guidance values used to evaluate the potential
carcinogenic risk caused by exposure to contaminants. 

CSFs were used to evaluate health 
risks associated with site-related 
contaminants, and will be used in the 
derivation of PRGs for the FS.

Reference Doses (RfDs) To Be 
Considered

Guidance values used to evaluate the potential non-
carcinogenic hazard caused by exposure to 
contaminants.  

RFDs were used to evaluate health 
risks associated with site-related 
contaminants, and will be used in the 
derivation of PRGs for the FS.

EPA Health Advisories, 
Human Health Risk 
Assessment Guidance, and 
Ecological Risk Assessment 
Guidance

To Be 
Considered

These advisories and guidance documents provide 
guidance for developing health risk information and 
environmental assessments at Superfund sites.

These advisories and guidance 
documents may be used in the 
derivation of PRGs for the FS.



TABLE 2-2
POTENTIAL LOCATION-SPECIFIC ARARs AND TBCs

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CONSIDERATION FOR 
FEASIBILITY STUDY

Statement of Procedures on 
Wetlands Protection, 40 
CFR Part 6, App. A, Exec. 
Order 11990 (1977) 40 CFR 
6.302(a)

Potentially 
Applicable

Federal agencies are required to minimize the 
destruction, loss, or degradation of wetlands, and 
the Order emphasizes the importance of avoiding 
new construction or harm to wetlands unless 
there is no practicable alternative to such 
construction.

Any alternative that includes activities 
within wetland areas that might result 
in the destruction, loss, or 
degradation of wetlands will need to 
comply with this order.

Executive Order for 
Floodplain Management
Exec Order 11988 (1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Potentially 
Applicable

Federal agencies are required to avoid impacts 
associated with the occupancy and modification 
of a floodplain and avoid support of floodplain 
development wherever there is a practicable 
alternative.

Any alternative that includes activities 
within floodplain areas that might 
result in the occupancy or 
modification of the floodplain will 
need to comply with this order.

RCRA Floodplain 
Restrictions for Solid Waste 
Disposal Facilities and 
Practices
(40 CFR 257.3-1)

Relevant and 
Appropriate

Solid waste practices must not restrict the flow of 
a 100-year flood, reduce the temporary water 
storage capacity of the floodplain or result in 
washout of solid waste, so as to pose a hazard to 
human life, wildlife, or land or water resources.

Alternatives whose implementation 
may impact the flood storage 
capacity of the areas adjacent to 
surface water bodies will be 
designed, to the extent practicable, to 
avoid impacts that would violate this 
regulation.

Federal 
Regulatory 
Requirements

RCRA Floodplain 
Restrictions for Hazardous 
Waste Facilities 
(40 CFR 264.18(b))

Relevant and 
Appropriate

A hazardous waste treatment, storage, or 
disposal facility located in a 100-year floodplain 
must be designed, constructed, operated, and 
maintained to prevent washout or to result in no
adverse effects on human health or the 
environment if washout were to occur.

Alternatives that might impact 
floodplains through washout or 
accidental transport of contaminated 
media into floodplain areas will be 
designed to prevent such events from 
occurring.

16 USC 661 et. Seq., Fish 
and Wildlife Coordination 
Act (50 CFR Parts 81, 226, 
402)

Potentially 
Applicable

Federal agencies are required to consider the 
effect that water-related projects will have on fish 
and wildlife; and to consult with the state to 
develop measures to prevent, mitigate, or 
compensate for project-related losses of fish and 
wildlife.

Alternatives that involve actions that 
might impact fish and wildlife will 
require consultation with the Fish and 
Wildlife Service to develop 
appropriate measures to protect 
resources.



TABLE 2-2 (cont.)
POTENTIAL LOCATION-SPECIFIC ARARs AND TBCs
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
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AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CONSIDERATION FOR 
FEASIBILITY STUDY

State 
Regulatory 
Requirements

Massachusetts Wetlands 
Protection Act and 
Regulations,
(310 CMR 10.00)

Potentially 
Applicable

These regulations are promulgated under 
Wetlands Protection Laws, which regulate 
dredging, filling, altering, or polluting of wetlands. 
 Work within 100 feet of a wetland is regulated 
under this requirement.

Any work conducted within wetlands 
will be subject to compliance with 
these regulations. 

Water Quality Certification 
for Discharge of Dredged or 
Fill Material, Dredging and 
Dredged Material Disposal in 
Waters of the United States 
within the Commonwealth, 
314 CMR 9.06

Applicable For discharge of dredged or fill material, there 
must be no practicable alternative with less 
adverse impact on aquatic ecosystem; must take 
practicable steps to minimize adverse impacts on 
wetlands or land under water; stormwater 
discharges must be controlled with BMPs; must 
be no substantial adverse impact to physical, 
chemical, or biological integrity of surface waters.

Alternatives that include dredging of 
sediment will require compliance with 
these regulations

Water Quality Certification 
for Discharge of Dredged or 
Fill Material, Dredging and 
Dredged Material Disposal in 
Waters of the United States 
within the Commonwealth, 
314 CMR 9.07

Applicable Hydraulic or mechanical dredging allowed; must 
avoid fisheries impacts.

Alternatives that include dredging of 
sediment will require compliance with 
these regulations



TABLE 2-3
POTENTIAL ACTION-SPECIFIC ARARs

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CONSIDERATION FOR FEASIBILITY 
STUDY

Federal 
Regulatory 
Requirements

Statement of Procedures 
on Wetlands Protection, 
40 CFR Part 6, App. A, 
Exec. Order 11990
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever possible, the 
long and short term impacts associated with the 
destruction of wetlands, and wetlands development 
wherever there is a practicable alternative in accordance 
with Executive Order 11990.  

Any plans for actions within wetland 
areas must comply with this 
requirement, and practicable 
alternatives to the destruction of 
wetlands or occupancy/modification of 
floodplains must be explored.

Executive Order for 
Floodplain Management
Exec. Order 11988 
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the risk of flood 
loss, minimize impact of floods, and restore and 
preserve the natural and beneficial values of floodplains.

Any plans for actions within floodplain 
areas must comply with this 
requirement, and practicable 
alternatives to the destruction of 
wetlands or occupancy/modification of 
floodplains must be explored.

RCRA Identification and 
Listing of Hazardous 
Wastes, 40 CFR 261.3

Applicable or 
Relevant and 
Appropriate

Criteria for determining if a waste or contaminated 
media is a hazardous waste subject to regulation. If a 
contaminated media exhibits the characteristics of a 
hazardous waste, RCRA hazardous waste regulations 
are applicable.   If a contaminated media is sufficiently 
similar to listed RCRA hazardous wastes, these 
regulations are relevant and appropriate.

Contaminated soils/sediments will be 
assessed using this criteria to 
determine whether they should be 
managed as hazardous waste.

RCRA – Groundwater 
Monitoring (40 CFR 264, 
Subpart F)

Relevant and 
Appropriate 

This regulation details the requirements for groundwater 
monitoring and responding to releases from solid waste 
management units.

Groundwater monitoring would required 
to evaluate the natural attenuation 
processes and contaminant migration.

RCRA Closure and Post-
Closure Requirements
40 CFR, Subpart G 

Relevant and 
Appropriate

If contaminated soil constitutes characteristic hazardous 
waste or are sufficiently similar to listed RCRA 
hazardous wastes, these regulations are relevant and 
appropriate.  Closure must be completed in a manner 
that minimizes the need for further maintenance, and 
controls, minimizes or eliminates, to the extent 
necessary to protect human health and the environment, 
post-closure escape of hazardous waste, hazardous 
constituents, leachate, contaminated run-off, or 
hazardous waste decomposition products to the ground 
or surface waters or to the atmosphere.

These regulations may be relevant and 
appropriate for soil alternatives if soil is 
sufficiently contaminated to warrant a 
hazardous classification.
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AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CONSIDERATION FOR FEASIBILITY 
STUDY

Federal 
Regulatory 
Requirements 
(cont.)

Clean Water Act §404 and 
regulations, 33 USC 1344, 
40 CFR 230

Potentially 
Applicable

No discharge of dredged or fill material shall be 
permitted if there is a practicable alternative to the 
discharge which would have a less adverse impact to 
the aquatic ecosystem, so long as the alternative does 
not have other significant adverse environmental 
consequences.  

Permits must be acquired where 
activities are conducted within an 
aquatic environment.  The permit 
application must show that appropriate 
and practicable steps have been taken 
to minimize the potential adverse 
impacts of the discharge on the aquatic 
ecosystem.

RCRA Hazardous Waste 
Regulations (Storage and 
Disposal of Hazardous 
Waste) 40 CFR Part 262, 
Subpart A, 40 CFR Part 
264, Subparts I and J

Applicable Subpart A of Part 262 provides that a generator who 
treats, stores, or disposes of hazardous waste on-site 
must determine whether or not he has a hazardous 
waste, obtain an EPA identification number for any 
hazardous waste and comply with the regulations 
regarding accumulation of hazardous waste and 
recordkeeping.  Subparts I and J of Part 264 identify 
design, operating, monitoring, closure, and post-closure 
care requirements for long-term storage of RCRA 
hazardous waste in containers and tank systems, 
respectively.  However, Section 262.34(a) allows 
accumulation of RCRA hazardous wastes for up to 90 
days in containers or tanks provided generator complies 
with requirements of Subparts I and J of Part 265.

Any free product, drums, or 
contaminated equipment will be 
managed and stored in accordance 
with the substantive requirements of the 
cited regulations prior to being sent off-
site for disposal.  Disposal regulations 
will also be complied with for any off-
site disposal.

Fish and Wildlife 
Coordination Act 
(16 USC 166 et. Seq)

Potentially 
Applicable

Any modification of a body of water requires prior 
consultation with the U.S. FWS to develop measures to 
prevent, mitigate, or compensate for losses to fish and 
wildlife.

Any alternative that involves 
modifications to water bodies must 
comply with this requirement.
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AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CONSIDERATION FOR FEASIBILITY 
STUDY

Federal 
Regulatory 
Requirements 
(cont)

National Pollution 
Discharge Elimination 
System (NPDES)
(40 CFR 122)

Potentially 
Applicable

Regulates the discharge of water into public surface 
waters.  Major requirements include the following:
Use of best available technology economically 

achievable is required to control toxic and non-
conventional pollutants.  Use of best conventional 
pollutant control technology is required to control 
conventional pollutants.  Technology-based limitations 
may be determined on a case-by-case basis.

Applicable federally-approved state water quality 
standards must be complied with.  These standards 
may be in addition to or more stringent than other 
federal standards under the CWA.

Any alternative that involves discharge 
of water into surface water bodies (in 
the form of dewatering effluent, 
groundwater treatment system effluent, 
etc.) would need to comply with this 
requirement.

National Recommended 
Water Quality Criteria 
Clean Water Act, Section 
304(a)(1)

Relevant and 
Appropriate

Provides surface water quality standards for a number of 
organic and inorganic contaminants.

This regulation will be considered for 
any alternative that involves discharges 
to surface water bodies.

State 
Regulatory 
Requirements

Massachusetts Ambient Air 
Quality Standards (310 
CMR 6.0) and 
Massachusetts Air 
Pollution Control 
Regulations 
(310 CMR 7.00)

Potentially 
Applicable

The applicable portions of this regulation establish 
requirements for the design and construction of 
Contaminated Groundwater Treatment Systems (CGTS) 
within the Commonwealth of Massachusetts.  These 
include instrumentation requirements and record 
keeping requirements to ensure compliance with the 
emission standards.  

This regulation also contains standards for fugitive 
emissions, dust, and particulates during construction.

Any groundwater treatment system that 
includes point-source air emissions as 
part of the treatment process would 
need to comply with these 
requirements.

Remedial actions that involve 
excavation of any type must be 
designed to minimize fugitive emissions 
of any type.

Massachusetts Wetlands 
Protection Act and 
Regulations
(310 CMR 10.00)

Potentially 
Applicable

This regulation defines the process through which local 
conservation commissions and MADEP may enforce 
state wetland regulations.  The potentially applicable 
portions of this regulation include restrictions on 
activities that remove, fill, dredge, or alter wetlands or 
activities conducted within wetland buffer zones (within 
100 feet of a wetland).

Any alternative that includes removal, 
fill, dredging, or alterations of wetland 
areas must comply with this regulation.
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AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CONSIDERATION FOR FEASIBILITY 
STUDY

State 
Regulatory 
Requirements
(cont)

Massachusetts Surface 
Water Quality Standards 
(314 CMR 4.00)

Potentially 
Applicable

These standards designate the most sensitive uses for 
which the various waters of the Commonwealth shall be 
enhanced, maintained, or protected.  Minimum water 
quality criteria required to sustain the designated uses 
are established.  Federal AWQC are to be considered in 
determining effluent discharge limits.  Where 
recommended limits are not available, site-specific limits 
shall be developed.

Discharges of water (in the form of 
dewatering effluent, groundwater 
treatment system effluent, etc.) to 
surface water bodies will be governed 
by this regulation.

Water Quality Certification 
for Discharge of Dredged 
or Fill Material, Dredging 
and Dredged Material 
Disposal in Waters of the 
United States within the 
Commonwealth
(314 CMR 9.06)

Potentially 
Applicable

The substantive portions of these regulations establish 
criteria and standards for the dredging, handling, and 
disposal of fill material and dredged material.

Remedial alternatives involving the 
dredging, handling, and disposal of 
material will need to comply with this 
regulation.

Water Quality Certification 
for Discharge of Dredged 
or Fill Material, Dredging 
and Dredged Material 
Disposal in Waters of the 
United States within the 
Commonwealth
(314 CMR 9.07)

The substantive portions of these regulations establish 
criteria and standards for the dredging, handling, and 
disposal of fill material and dredged material.

Remedial alternatives involving the 
dredging, handling, and disposal of 
material will need to comply with this 
regulation and impacts to fisheries in 
the area must be avoided.

Massachusetts  -
Hazardous Waste 
Regulations (Storage and 
Disposal of Hazardous 
Waste),  (310 CMR 
30.300, 30.680, 30.690 
and 310 CMR 30.340)

Potentially 
Applicable

Requirements for transport and long-term storage of 
RCRA hazardous waste in containers and tank systems

Remedial alternatives that include on-
site storage or offsite transportation and 
disposal of contaminated material will 
need to comply with this regulation.



TABLE 2-4
SUMMARY OF REMEDIAL ACTION OBJECTIVES

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

► Prevent exposures associated with a HI > 1 and/or ILCR > 10-6 to 10-4 by meeting the 
associated PRGs for the following scenarios:

● Ingestion, dermal contact, and/or vapor inhalation of arsenic, benzene, trichloroethene, 1,2-
dichloroethane, and naphthalene by an industrial worker using groundwater as process 
water

●  Ingestion and dermal contact of arsenic by an excavation worker

● Vapor inhalation of benzene, trichloroethene, and 1,2-dichloroethane by a car wash worker 
using groundwater in the car wash

► Protect benthic invertebrates and aquatic life from exposure to levels of benzene and 
arsenic indicative of impairment due to groundwater discharges or provide alternate habitat 
(HBHA Pond only) .  

► Prevent exposures associated with a HI > 1 and/or ILCR > 10-6 to 10-4 by meeting the 
associated PRGs for the following scenarios:

● Ingestion and dermal contact of accessible arsenic and benzo(a)pyrene for current and 
future recreational land use

● Ingestion and dermal contact of accessible arsenic for current and future recreational land 
use

● Ingestion and dermal contact of arsenic for future dredging workers

► Protect benthic invertebrates from toxicological impacts indicative of impairment or 
provide alternate habitat.  

► Minimize to the extent practicable, the migration of soluble and particulate arsenic during 
storm events to downstream depositional areas.

► Prevent exposures associated with a HI > 1 and/or ILCR > 10-6 to 10-4 by meeting the 
associated PRGs for the following scenarios:

● Ingestion and dermal contact of arsenic by children at a future day care center for surface 
and subsurface soil

● Ingestion and dermal contact of arsenic by a future excavation worker for subsurface soil

HBHA Pond
►  Protect aquatic life from arsenic and benzene above levels indicative of impairment or 
provide alternate habitat in the event that the HBHA Pond is used as a component of the 
remedy.  Meet ARARs for the protection of aquatic life 

Notes:

(1) Institutional controls should control all groundwater uses unless site-specific risk assessment demonstrates risks
      and hazards below risk management guidelines for the proposed groundwater use.  The most conservative
      exposure scenarios have been considered in the establishment of groundwater PRGs.
(2) Prevent human exposure to wetland areas not evaluated if the remedial alternative increases accessibility
 HI  - Hazard Index
 ILCR  -  Incremental Lifetime Cancer Risk
 PRGs  -  Preliminary Remediation Goal

GROUNDWATER (1)

Industri-plex Site and HBHA 
Pond Area

SURFACE WATER

SOIL

Former Mishawum Lake Bed 
Area

SEDIMENT (2)

HBHA Pond

Wells G&H 38-acre Wetland 
(edges of wetland only); 

Cranberry Bog Conservation 
Area (edges of wetland only);   

HBHA and Wells G&H  
Wetland Areas

RI051270DF Tetra Tech NUS, Inc.



TABLE 2-5A
 HUMAN HEALTH PRELIMINARY REMEDIATION GOALS (PRGs)

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

Site-specific Background Levels MADEP Regional

Medium Location/COC 10-6 10-5 10-4
HQ = 1 Range Mean 95%UCL Background

CB-03
Arsenic 4 40 400 230 3.8 - 40.6 21 33 - -
WH, NT-3, 13/TT-27
Arsenic 5.0 50 500 300 3.8 - 40.6 21 33 - -
Benzo(a)pyrene 0.4 4 40 N/A 0.13 - 5.5 1.3 4.9 - -
SC02, SC05, SC06, SC08
Arsenic 30 300 3000 400 3.8 - 40.6 21 33 - -
Former Mishawum Lake Bed Area
Arsenic 1 10 100 50 - - - - - - 20
Former Mishawum Lake Bed Area
Arsenic 40 400 4000 300 - - - - - - 20
Site-wide
Arsenic 200 2000 20000 1200 - - - - - - 5.5
Site-wide
1,2-Dichloroethane 0.2 2 20 8 - - - - - - - -
Benzene 0.6 6 60 50 - - - - - - - -
Trichloroethene 0.04 0.4 4 70 - - - - - - - -
Naphthalene N/A N/A N/A 5 - - - - - - - -
Arsenic 4 40 400 600 - - - - - - 5.5
Site-wide
1,2-Dichloroethane 0.2 2 20 7 - - - - - - - -
Benzene 0.4 4 40 30 - - - - - - - -
Trichloroethene 0.03 0.3 3 50 - - - - - - - -
Naphthalene N/A N/A N/A 6 - - - - - - - -

Notes:
N/A - Not carcinogenic, or a carcinogen was not evaluated for potential non-carcinogenic effects
Site-specific background information from Appendix C.1 of the Baseline Human Health and Ecological Risk Assessment for the Aberjona River Study (September 2004).
Soil regional background values from the MADEP "Background Levels of Polycyclic Aromatic Hydrocarbons and Metals in Soil" (May 2002).
Groundwater regional background value from the MADEP "Background Documentation for the Development of the MCP Numerical Standards" (April 1994).
HQ = Hazard Quotient
ILCR = Incremental Lifetime Cancer Risk
UCL  =  Upper Confidence Limit

Groundwater - µg/L
(Car Wash Scenario)

Additional Information

Shallow Groundwater - µg/L
(Construction Worker Scenario)

Groundwater - µg/L
(Process Water Scenario)

PRGs
ILCR

Sediment - mg/kg
(Recreational Scenario)

Sediment Cores - mg/kg
(Dredging Scenario)

Surface and Subsurface Soil - mg/kg
(Day Care Child Scenario)

Subsurface Soil - mg/kg
(Construction Worker Scenario)

RI051270DF Tetra Tech NUS, Inc.



TABLE 2-5B
PROPOSED PRELIMINARY REMEDIATION GOALS

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

MEDIA LOCATION PRG HQ ILCR

Arsenic 230 mg/kg 1 6.E-05

Wells G&H Wetland: WH Series, NT-3, 
SD-13/TT27
Arsenic 300 mg/kg 1 6.E-05
Benzo(a)pyrene 4.9 mg/kg NE 1.E-05

Cumulative Risk/Hazard 1 7.E-05
Sediment Cores: SC02, SC05, SC06, 
SC08
Arsenic 300 mg/kg 0.8 1.E-05
HBHA Pond (ecological)
Arsenic 273 mg/kg (1) (1)

Surface Soil and Subsurface Soil - 
Former Mishawum Lake Bed Area
Arsenic 50 mg/kg 1 4.E-05

Arsenic 150 ug/L 0.3 4.E-05
Benzene 4 ug/L 0.1 1.E-05
1,2-Dichloroethane 2 ug/L 0.3 1.E-05
Trichloroethene 1 ug/L 0.02 3.E-05
Naphthalene 5 ug/L 1 NE

Cumulative Risk/Hazard 1 (2) 9.E-05

HBHA Pond (ecological)
Arsenic (1) 150 ug/L (3) (3)
Benzene (1) 46 ug/L (4) (4)

Notes:
HQ = Hazard Quotient
ILCR = Incremental Lifetime Cancer Risk
COC = Chemical of Concern
NRWQC = National Recommended Water Quality Criterion
MCL = Maximum Contaminant Level
NE = Not evaluated due to lack of cancer or noncancer toxicity values
(1) Toxicity testing results are used as the basis for the PRG
(2) Target organ HQ is presented as the cumulative hazard.
(3) The NRWQC value is selected as the surface water PRG for arsenic
(4) The Tier II value is selected as the surface water PRG for benzene
Cumulative risks and hazards, summed for COCs, are for the most conservative receptor and scenario from Table 2-5a.

SURFACE WATER

Cranberry Bog Conservation Area: CB03

Industri-plex Site and HBHA Pond Area

GROUNDWATER

SOIL

SEDIMENT

RI051270DF Tetra Tech NUS, Inc.
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TABLE 2-6
REMEDIAL ACTION OBJECTIVES, GENERAL RESPONSE ACTIONS,

TECHNOLOGY TYPES, AND PROCESS OPTIONS
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

Environmental 
Medium

Remedial Action Objectives (from 
site characterization)

General Response Action 
(for all remedial action

objectives)

Remedial Technology Types 
(for general response actions) Process Options

Soil Protection of Human Health No Action No Action -  not applicable
Limited Action Institutional Controls -  deed restrictions

Access Restrictions -  fencing/signage
Monitoring -  soil sampling
Natural Attenuation -  monitored natural attenuation

Containment Horizontal Barriers -  impermeable cap
-  permeable cover

Removal Excavation -  mechanical excavation
Treatment Immobilization -  solidification/stabilization

Thermal Treatment -  incineration
-  pyrolysis
-  vitrification
-  thermal desorption
-  pyrometallurgical recovery

Prevent exposures associated with a 
Hazard Index (HI) greater than 1.0 
and/or an Incremental Lifetime Cancer 
Risk (ILCR) greater than 10-6 to 10-4 by 
meeting the associated PRGs for the 
following scenarios:
Ingestion and dermal contact of 

arsenic by children at a future day 
care center for surface and
subsurface soil.

Ingestion and dermal contact of 
arsenic by a future excavation worker 
for subsurface soil.

Physical Treatment -  soil washing
-  soil vapor extraction
-  physical separation
-  electrical separation

Chemical Treatment -  acid extraction
-  chemical reduction/oxidation

Biological Treatment -  enhanced bioremediation
-  bioventing
-  phytoremediation
-  land farming/biopiles

Disposal On-Site Disposal -  consolidation and capping
-  on-site reuse

Off-Site Disposal -  commercial landfill
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Environmental 
Medium

Remedial Action Objectives (from 
site characterization)

General Response Action 
(for all remedial action

objectives)

Remedial Technology Types 
(for general response actions) Process Options

Sediment No Action No Action - not applicable
Limited Action Institutional Controls - deed restrictions

Access Restrictions -   fencing/signage
Monitoring - sediment sampling
Natural Recovery - monitored natural recovery

- enhanced natural recovery
Containment Horizontal Barriers - subaqueous cap

Vertical Barriers - silt curtain/silt screen
Surface Water Controls - sediment retention

- stormwater bypass
Removal Dredging - mechanical dredging

- hydraulic dredging
Excavation - mechanical excavation

Treatment Immobilization - solidification/stabilization

Protection of Human Health
Prevent exposures associated with a 
HI greater than 1.0 and/or ILCR 
greater than 10-6 to 10-4 by meeting 
the associated PRGs for the following 
scenarios:
Ingestion and dermal contact of 

arsenic and benzo(a)pyrene for 
current and future recreational land 
use.

Ingestion and dermal contact of 
arsenic for current and future 
recreational land use.

Ingestion and dermal contact of 
arsenic for future dredging workers.

Protection of the Environment
Protect benthic invertebrates from 
toxicological impacts indicative of 
impairment or provide alternate 
habitat.

Thermal Treatment - incineration
- pyrolysis
- vitrification
- thermal desorption

Reduce the migration of soluble and 
particulate arsenic during storm events 
to downstream depositional areas.

Physical Treatment -  dewatering
-  soil washing
-  physical separation
-  electrical separation

Chemical Treatment -  acid extraction
-  chemical reduction/oxidation

Biological Treatment -  enhanced bioremediation
-  land farming
-  phytoremediation
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REMEDIAL ACTION OBJECTIVES, GENERAL RESPONSE ACTIONS,
TECHNOLOGY TYPES, AND PROCESS OPTIONS
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Environmental 
Medium

Remedial Action Objectives (from 
site characterization)

General Response Action 
(for all remedial action

objectives)

Remedial Technology Types 
(for general response actions) Process Options

Sediment
(cont.)

Protection of the Environment
(cont)

Disposal On-Site Disposal -  open-water disposal
-  consolidation and capping
-  on-site reuse

Off-Site Disposal -  commercial landfill
Groundwater No Action No Action -  not applicable

Limited Action Institutional Controls -  deed restrictions
Monitoring -  groundwater monitoring
Natural Attenuation -  monitored natural attenuation

Containment Horizontal Barriers -  low permeability cap
-  permeable cover

Vertical Barriers -  slurry wall 
-  grout injection
-  sheet piling

Protection of Human Health
Prevent exposures associated with a 
HI greater than 1.0 and/or ILCR 
greater than 10-6 to 10-4 by meeting 
the associated PRGs for the following 
scenarios:
Ingestion, dermal contact, and/or 

vapor inhalation or arsenic, benzene, 
trichloroethene, and 1,2-
dichloroethane by an industrial 
worker using groundwater as a 
process water. Hydraulic Containment -  extraction wells

Collection Extraction -  vertical extraction wells
-  collection trench
-  directional wells

Ingestion and dermal contact of 
arsenic by an excavation worker.

Vapor inhalation of benzene, 
trichloroethene, and 1,2-
dichloroethane by a car wash worker 
using groundwater in the car wash.

Protection of the Environment
Protect benthic invertebrates and 
aquatic life from exposure to levels of 
benzene and arsenic indicative of 
impairment due to groundwater 
discharges to the HBHA Pond, or 
provide alternative habitat.

Ex-situ Treatment Ex-situ Physical Treatment - equalization
- dewatering
- sedimentation
- oil-water separation
- filtration
- nanofiltration
- reverse osmosis
- bioslurping
- air stripping
- adsorption 
- distillation
- evaporation
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Environmental 
Medium

Remedial Action Objectives (from 
site characterization)

General Response Action 
(for all remedial action

objectives)

Remedial Technology Types 
(for general response actions) Process Options

Groundwater 
(cont)

Protection of the Environment
(cont)

Ex-situ Treatment
(cont.)

Ex-situ Chemical Treatment - ion exchange
- chemical oxidation
- UV oxidation
- neutralization
- precipitation/coprecipitation
- flocculation
- dechlorination
- zero-valent iron
- Fenton’s reagent 

Ex-situ Biological Treatment - aerobic biodegradation
- anaerobic biodegradation 

Discharge Beneficial Re-Use -  on-site re-use
Surface Discharge -  direct discharge

-  indirect discharge 
Subsurface Discharge -  infiltration gallery

-  deep well injection
In-situ Treatment Monitored Natural Attenuation -  biological processes

-  chemical processes
-  physical processes

In-situ Physical Treatment -  air sparging w/ SVE
In-situ Chemical Treatment -  permeable reactive barrier

-  in-situ chemical oxidation
In-situ Biological Treatment -  enhanced bioremediation

-  constructed wetlands
-  hydrogen release compound
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Environmental 
Medium

Remedial Action Objectives (from 
site characterization)

General Response Action 
(for all remedial action

objectives)

Remedial Technology Types 
(for general response actions) Process Options

Surface Water No Action No Action -  not applicable
Limited Action Institutional Controls -  deed restrictions

Monitoring -  surface water  monitoring
Natural Attenuation -  monitored natural attenuation

Containment Horizontal Barriers -  impermeable cap

Protection of Environment
Protect aquatic life from arsenic and 
benzene above levels indicative of 
impairment or provide alternate 
habitat.  Meet ARARs for the 
protection of aquatic life.

Hydraulic Containment -  extraction points
Collection Extraction -  vertical extraction points
Ex-situ Treatment Ex-situ Physical Treatment - equalization

- dewatering
- sedimentation
- oil-water separation
- filtration
- nanofiltration
- reverse osmosis
- bioslurping
- air stripping
- adsorption 
- distillation
- evaporation

Ex-situ Chemical Treatment - ion exchange
- chemical oxidation
- UV oxidation
- neutralization
- precipitation/coprecipitation
- flocculation
- dechlorination
- zero-valent iron
- Fenton’s reagent 

Ex-situ Biological Treatment - aerobic biodegradation
- anaerobic biodegradation 
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Environmental 
Medium

Remedial Action Objectives (from 
site characterization)

General Response Action 
(for all remedial action

objectives)

Remedial Technology Types 
(for general response actions) Process Options

Discharge Beneficial Re-Use -  on-site re-useSurface Water 
(cont)

Protection of the Environment
(cont) Surface Discharge -  direct discharge

-  indirect discharge 
In-situ Treatment Monitored Natural Attenuation -  biological processes

-  chemical processes
-  physical processes

In-situ Oxidation/Aeration - air injection
- pumping with aeration (fountain)



TABLE 2-7
PRELIMINARY SCREENING OF TECHNOLOGIES AND PROCESS 

OPTIONS FOR CONTAMINATED SOIL
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

GENERAL 
RESPONSE 
OPTIONS

REMEDIAL 
TECHNOLOGY

PROCESS 
OPTIONS

DESCRIPTION SCREENING COMMENTS

No Action No Action No Action No on-site actions taken to address soil contamination.  Retained for baseline comparison 
purposes in accordance with the 
National Contingency Plan.

Limited Action Institutional Controls Deed Restrictions Administrative action used to restrict future site activities on 
individual properties.  Activities such as excavation or 
residential development could be restricted under property 
deeds.

Potentially applicable.

Access Restrictions Fencing/Signage Physically restrict access to contaminated soils by 
implementing a fence and posted signs.

Eliminated.  Not feasible in areas of site 
where contaminated surface soil has 
been identified.

Monitoring Soil Sampling Periodic sampling and analysis of soil to assess 
contaminant fate and transport, and natural degradation of 
contaminants.

Potentially applicable.

Natural Attenuation Monitored Natural 
Attenuation

Natural subsurface and surface biological, chemical, or 
physical processes attenuate organics and inorganics, and 
limit migration of some contaminants.

Potentially applicable.

Containment Horizontal Barriers Impermeable Cap Asphalt, concrete, geosynthetics, or multimedia materials 
are used to form an impermeable barrier to prevent direct 
contact with contaminated material and to minimize 
leaching of contaminants to groundwater.

Potentially applicable.

Permeable Cover Soil, crushed stone, geosynthetics, and vegetative cover 
used to prevent direct contact with contaminated soil and 
minimize erosion and surface migration of contaminated 
soil.  

Potentially applicable.

Removal Excavation Mechanical 
Excavation

Use of common construction equipment to remove 
contaminated soil.  Excavation would be a prerequisite to 
any other process option that is performed ex-situ.

Retained as the representative 
technology for soil removal at the Site.

Treatment Immobilization Solidification / 
Stabilization

Soil mixing equipment used to mix reagents with
contaminated soil to physically and/or chemically decrease 
the mobility of contaminants.  Treatment could be 
implemented in-situ or ex-situ.

Potentially applicable.  Most commonly 
used treatment process for soil 
contaminated with arsenic.
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GENERAL 
RESPONSE 
OPTIONS

REMEDIAL 
TECHNOLOGY

PROCESS 
OPTIONS

DESCRIPTION SCREENING COMMENTS

Treatment
(cont.)

Thermal Treatment Incineration Destruction of organic contaminants by subjecting them to 
high temperatures under controlled conditions in a 
combustion chamber.  Treatment would be done ex situ.

Eliminated.  Not effective for the 
treatment of soils containing inorganic 
contaminants.

Pyrolysis Chemical decomposition of organic contaminants by 
heating the material in the absence of oxygen. Treatment 
would be done ex situ.

Eliminated.  Not effective for the 
treatment of soils containing inorganic 
contaminants.

Vitrification Melting of contaminated material to volatilize or pyrolyze 
organics and entrain inorganics in a stable vitreous 
residual. Treatment may be done in situ or ex situ.

Eliminated.  Emerging technology, not 
yet proven at full scale to be an effective 
treatment method for soil contaminated 
with arsenic.

Thermal Desorption Volatile and semi-volatile compounds are separated from 
sediments by heating the sediment to temperatures ranging 
from 90 to 540 degrees Celsius.

Eliminated.  Not effective for the 
treatment of soils containing inorganic 
contaminants.

Pyrometallurgical  
Recovery

Heat is used to convert metals-contaminated waste into a 
product with a high metals concentration that can be reused 
or sold.

Eliminated.  In order to make recovery 
economically feasible, high 
concentrations (>10,000 mg/kg) are 
necessary.

Physical Treatment Soil Washing Contaminants sorbed onto fine soil particles are separated 
by particle size from bulk soil in a water-based system.  The 
wash water may be augmented with a basic leaching agent, 
surfactant, pH adjustment, or chelating agent to help 
remove organics and heavy metals.

Eliminated.  Acid extraction (described 
below) is a similar process that will be 
retained for further evaluation.

Soil Vapor Extraction In situ technology in which vacuum blowers and extraction 
wells are used to strip volatile organic compounds from 
unsaturated soil.  Treatment would be done in situ.

Eliminated.  Not effective for the 
treatment of soils containing inorganic 
contaminants.

Physical Separation An ex-situ process using gravity, magnetic, sieving, or 
physical separation techniques.  Typically used to remove 
oversized material and debris to produce an acceptable 
feed material for subsequent handling and/or treatment.

Potentially applicable.  Could be used 
as a pre-treatment process to improve 
the performance of a downstream 
treatment process.
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Treatment 
(cont.)

Physical Treatment
(cont.)

Electrical Separation Electrical separation relies upon the application of low-
intensity direct current through the soil between ceramic 
electrodes that are divided into a cathode array and an 
anode array.  This mobilizes charged species, causing ions 
and water to move toward the electrodes.  

Eliminated.  Emerging technology, few 
commercial applications with which to 
demonstrate effectiveness. 

Chemical Treatment Acid Extraction Contaminated soil and extractant (usually an organic 
solvent or an acid) are mixed in an extractor, thereby 
dissolving the contaminants.  The extracted solution is then 
placed in a separator, where the contaminants and 
extractant are separated for treatment and further use.

Potentially applicable.

Chemical Reduction 
/ Oxidation

Reduction/oxidation chemically converts hazardous 
contaminants to non-hazardous or less toxic compounds 
that are more stable, less mobile, and/or inert.

Potentially applicable.

Biological Treatment Enhanced 
Bioremediation

The activity of naturally occurring microbes is stimulated by 
circulating water-based solutions through contaminated 
soils to enhance in situ biological degradation of organic 
contaminants or immobilization of inorganic contaminants.  
Nutrients, oxygen, or other amendments may be used to 
enhance bioremediation and contaminant desorption from 
subsurface materials.

Eliminated.  Not applicable to the 
treatment of arsenic in soil.

Bioventing Oxygen is directly injected into unsaturated subsurface soils 
via a network of air injection wells at air flow rates adequate 
to sustain microbial activity.

Eliminated.  Not effective at treating 
inorganic contaminants.

Phytoremediation Phytoremediation is a process that uses plants to remove, 
transfer, stabilize, and destroy contaminants in soil.  Target 
contaminants may be either organic or inorganic.

Eliminated.  Soil contamination areas 
not amenable to phyto-remediation 
since they are currently occupied by 
operating businesses and/or functional 
asphalt surfaces.
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Treatment 
(cont.)

Biological Treatment
(cont.)

Land Farming
Biopiles
Composting

These ex-situ biological processes are solid-phase 
bioremediation technologies in which contaminated soils 
are placed in a cell or building and tilled with added water 
and nutrients to promote biological degradation of 
contaminants.

Eliminated.  Most effective at treating 
fuel-related soil contamination.  
Ineffective at treating inorganic 
contaminants.

Disposal On-Site Disposal Soil Consolidation 
and Capping

Disposal of contaminated soil in a specially-constructed on-
site consolidation cell that includes a bottom liner for 
leachate collection and a low permeability cover to prevent 
the infiltration of precipitation.

Potentially applicable.

On-Site Reuse Reuse of treated soil as fill or backfill at an on-site 
location(s).

Potentially applicable.

Off-Site Disposal Commercial Landfill Disposal of excavated contaminated soil at an off-site, 
RCRA Subtitle D compliant disposal facility.

Potentially applicable.

Notes:

1. General response actions, remedial technologies, and process options for soil were adapted from Table 2-6.
2. Process options were retained or eliminated based on an evaluation of their technical implementability given the contaminant types and concentrations in soil, and 

other relevant site characteristics.
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GENERAL 
RESPONSE 

ACTION

REMEDIAL 
TECHNOLOGY PROCESS OPTION DESCRIPTION SCREENING COMMENTS

No Action No Action No Action No active remediation conducted to address 
groundwater contamination.  

Retained for baseline comparison purposes in 
accordance with the National Contingency 
Plan.

Limited Action Institutional Controls Deed Restrictions Administrative action used to restrict future site 
activities on individual properties.  Activities such 
as groundwater extraction/use or residential 
development could be restricted under property 
deeds.  

Potentially applicable.

Monitoring Groundwater Sampling Periodic sampling and analysis of groundwater to 
assess contaminant leaching and migration.

Potentially applicable.

Natural Attenuation Monitored Natural 
Attenuation

Natural subsurface biological, chemical, or 
physical processes attenuate dissolved organics 
and inorganics, and limit migration of some 
contaminants.  

Potentially applicable.

Containment Horizontal Barriers Low Permeability Cap Clay, asphalt, concrete, or multi-media cover over 
areas of contamination to minimize leaching of 
contaminants from soil into groundwater.

Potentially applicable.

Permeable Cover Crushed stone or vegetative cover to prevent 
direct contact and minimize erosion and surface
migration of contaminated soils.  

Potentially applicable.

Vertical Barriers Slurry Wall Vertically excavated trenches filled with slurry.  
The slurry, usually a mixture of bentonite and 
water, hydraulically shores the trench to prevent 
collapse and retards ground water flow.

Eliminated.  Would be difficult to create 
complete containment barrier due to the depth 
to bedrock in the center of the Study Area.

Grout Injection Use of pressure-injected grout to form 
impermeable or semi-impermeable barrier to
restrict horizontal migration of contaminants. 

Eliminated.  Would be difficult to create 
complete containment barrier due to the depth 
to bedrock in the center of the Study Area.

Sheet Piling Sheet piles are driven vertically into the 
subsurface and linked to each other to form a 
continuous physical barrier to groundwater flow.  
Used to change groundwater flow.

Eliminated.  Would be difficult to create 
complete containment barrier due to the depth 
to bedrock in the center of the Study Area.
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Containment 
(cont.)

Hydraulic 
Containment

Extraction Wells Configuration of extraction wells installed 
perpendicular to direction of groundwater flow 
designed to capture flow and prevent containment 
migration.  

Potentially applicable.  Hydraulic containment 
would likely be an ancillary benefit of 
groundwater extraction using vertical 
extraction wells (see below).

Collection Extraction Vertical Extraction Wells Discrete pumping wells are used to collect 
contaminated groundwater for ex-situ treatment.

Potentially applicable.  Effective and 
implementable method for groundwater 
extraction.

Collection Trench Permeable trench used to intercept and collect 
contaminated groundwater for treatment. 

Potentially applicable.  Effective and 
implementable method for groundwater 
collection/extraction.

Directional Wells Drilling techniques are used to position wells 
horizontally, or at an angle, to reach contaminants 
not accessible by direct vertical drilling.

Eliminated.  Groundwater contamination 
plumes are accessible using more traditional, 
and more easily implementable, vertical 
extraction wells.

Enhanced Removal Blasting / Fracturing Blasting or fracturing of bedrock or low-
permeability overburden materials to promote 
access to groundwater in bedrock fractures. 

Eliminated.  Contamination relegated to 
overburden aquifer, which consists of high 
permeability material.       

Hydrofracturing Injection of pressurized water through wells cracks 
low permeability and over-consolidated 
sediments. Cracks are filled with porous media 
that serve as substrates for bioremediation or to 
improve pumping efficiency

Eliminated.  Overburden material has 
adequate permeability and pore space to 
support in-situ treatment without 
hydrofracturing.

Ex-Situ
Treatment

Ex-Situ Physical 
Treatment 

Equalization Dampening of flow and/or contaminant 
concentration variation in a large vessel to 
promote constant discharge rate and water 
quality.

Potentially applicable.  Effective and 
implementable process that would improve 
the performance of an ex-situ groundwater 
treatment system. 

Dewatering Mechanical removal of free water from treatment 
residuals using equipment such as a filter press or 
vacuum filter.

Potentially applicable.  Treatment residuals 
likely to result from ex-situ treatment of 
groundwater containing inorganic 
contaminants.
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Ex-Situ
Treatment
(cont.)

Ex-Situ Physical 
Treatment 
(cont.)

Sedimentation Gravity settling of suspended solids from water in 
a vessel.

Potentially applicable.  Could be used as a 
pre-treatment process to improve the 
performance of an ex-situ treatment process.

Oil/Water Separation Separation of oils or other non-aqueous phase 
liquids from water by forces of gravity.

Eliminated.  Effective process option for 
removal of free product.  No product observed 
at site to date.  

Filtration Separation of material from water via entrapment 
in a bed or membrane separation.

Potentially applicable as treatment option for 
groundwater contaminated with arsenic or 
other inorganic contaminants.  

Nanofiltration Membrane filtration process that uses high pressure 
to separate dissolved contaminants from water by 
passing them through a semi-permeable barrier or 
membrane.  

Potentially applicable as a treatment option for 
groundwater contaminated with arsenic or 
other inorganic contaminants.

Reverse Osmosis Use of high pressure and membranes to separate 
dissolved materials, including organics and 
inorganics, from water. 

Potentially applicable as treatment option for 
groundwater contaminated with arsenic or 
other inorganic contaminants.

Bioslurping Bioslurping combines the two remedial 
approaches of bioventing and vacuum-enhanced 
free-product recovery.

Eliminated.  Mainly used for LNAPL recovery.  
No LNAPL observe at site to date.

Air Stripping Transfer of volatile organic compounds from the 
aqueous phase to the vapor phase through 
contact of contaminated water with air or steam in 
a countercurrent process. 

Potentially applicable as treatment option for 
groundwater contaminated with benzene, 
TCE, and/or 1,2-DCA. 

Adsorption Adsorption of aqueous phase contaminants onto 
the surface of a sorbent such as activated carbon, 
activated alumina, or manganese greensand. 

Potentially applicable as a treatment option for 
groundwater contaminated with benzene, 
TCE, 1,2-DCA, and/or arsenic.

Distillation Vaporization of a liquid followed by condensation 
of the vapors by cooling. 

Eliminated.  Not capable of treating large 
volumes of water within a reasonable time 
period.  

Evaporation Change from the liquid to the gaseous state at a 
temperature below the boiling point. 

Eliminated.  Not effective at treating wastes 
containing dilute mixtures of contaminants.
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Ex-situ 
Treatment 
(cont.)

Ex-Situ Chemical 
Treatment (cont.)

Ion Exchange Process in which toxic ions are removed from the 
aqueous phase by being exchanged with relatively 
harmless ions held by electrostatic forces to a 
specifically formulated resin.  

Potentially applicable as a treatment option for 
groundwater contaminated with arsenic.

Chemical Oxidation Use of oxidizing agents, such as chlorine or 
potassium permanganate, to chemically increase 
the oxidation state of materials in order to reduce 
their toxicity or solubility.

Potentially applicable as a treatment option for 
groundwater contaminated with inorganic
and/or organic contaminants.  

UV Oxidation Use of ozone and/or hydrogen peroxide, with UV 
light as catalyst, to oxidize organic materials in 
order to reduce their toxicity.  If carried out 
completely, this destructive process will yield final 
products of CO2, H2O, and salts.   

Potentially applicable.

Neutralization Use of acids or bases to counteract excessive 
pHs or adjust pH to the optimum level for a given 
treatment process. 

Potentially applicable.  Could be used as a 
pre-treatment process to improve the 
performance of an ex-situ treatment process.

Precipitation / 
Coprecipitation

Use of chemicals to transform dissolved 
contaminants into an insoluble solid.  In 
coprecipitation, the target contaminant may be 
dissolved or in a colloidal or suspended form.

Potentially applicable as a treatment option for 
groundwater contaminated with arsenic.

Flocculation Use of chemicals to neutralize surface charges 
and promote attraction of colloidal particles to 
facilitate settling.  

Potentially applicable.  Could be used as a 
pre-treatment process to improve the 
performance of an ex-situ treatment process.

Dechlorination Use of chemicals to remove chlorine from 
chlorinated compounds. 

Potentially applicable for the treatment of 
groundwater contaminated with TCE or 1,2-
DCA.

Zero-Valent Iron Iron is used as a reducing agent to enhance the 
rate of degradation of chlorinated organics in 
extracted water.  

Potentially applicable for the treatment of 
groundwater contaminated with TCE or 1,2-
DCA.
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Ex-situ 
Treatment 
(cont.)

Ex-Situ Chemical 
Treatment (cont.)

Fenton’s Reagent Iron-catalyzed hydrogen peroxide used to 
enhance oxidation, promote destruction of 
chlorinated organics.  

Potentially applicable for the treatment of 
groundwater contaminated with TCE or 1,2-
DCA.

Ex-situ Biological 
Treatment

Aerobic Biodegredation Suspended growth or fixed film process employing 
aeration and biomass recycle to decompose 
organic contaminants.

Potentially applicable for the treatment of 
organic site contaminants.

Anaerobic 
Biodegredation

Suspended growth or fixed film process employing 
anaerobic bacteria to decompose organic 
contaminants in an oxygen-free environment.  

Potentially applicable for the treatment of 
organic site contaminants.

Discharge Beneficial Reuse On-Site Re-Use Recovered and treated potable-quality water used 
to water vegetation and ground cover.

Eliminated.  Since most of site located outside 
of potential drinking water source area, 
remedial goals are likely to be less stringent 
than drinking water standards.

Surface Discharge Direct Discharge Discharge of treated water to local stream or river. Potentially applicable. 
Indirect Discharge Discharge of treated water to a publicly owned 

treatment works (POTW).
Potentially applicable.  Subject to adequate 
capacity at the local facility. 

Subsurface 
Discharge

Infiltration Gallery Treated water redistributed into aquifer through a 
network of perforated pipes. 

Potentially applicable.  Would need to comply 
with 310 CMR 27.00.

Deep Well Injection This alternative uses injection wells to place 
treated or untreated liquid waste into geologic 
formations that have no potential to allow 
migration of contaminants into potential potable 
water aquifers.

Eliminated.  Proximity of site to potential 
drinking water source area, and urban nature 
of surrounding areas, makes this option 
infeasible.

In-Situ 
Treatment

In-Situ Physical 
Treatment

Air Sparging with 
Soil-Vapor Extraction

Injection of air into groundwater to foster physical 
stripping of VOCs from the aqueous phase into 
the gas phase.  The VOCs would rise through the 
vadose zone and soil column to be captured by a 
soil vapor extraction system.  

Potentially applicable as an in-situ treatment 
option for groundwater contaminated with 
benzene, naphthalene, and/or TCE.
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In-Situ 
Treatment
(cont.)

In-Situ Chemical 
Treatment

Permeable Reactive 
Barrier

These barriers allow the passage of water while 
prohibiting the movement of contaminants by 
employing such agents as zero-valent metals, 
chelators, sorbents, microbes, and others.

Potentially applicable as an in-situ treatment 
option for groundwater contaminated with 
arsenic.  

In-Situ Chemical 
Oxidation

Oxidation chemically converts hazardous 
contaminants to non-hazardous or less toxic 
compounds that are more stable, less mobile, 
and/or inert.

Potentially applicable as an in-situ treatment 
option for groundwater contaminated with 
benzene, TCE, and/or naphthalene. 

In-Situ Biological 
Treatment

Enhanced 
Bioremediation

A hydrogen peroxide or magnesium peroxide 
formulation is circulated through the contaminated 
ground water zone to increase the oxygen content 
of ground water and enhance the rate of aerobic 
biodegradation of organic contaminants by 
naturally occurring microbes.

Potentially applicable as an in-situ treatment 
option for groundwater contaminated with 
organic contaminants. 

Constructed Wetlands Natural geochemical and biological processes that 
are inherent in an artificial wetland ecosystem are 
used to accumulate and remove metals and other 
contaminants from influent waters.

Eliminated.  Contaminated groundwater 
discharges to wetlands that are already 
heavily contaminated with arsenic.  
Construction of new wetlands in groundwater 
contamination areas not feasible.

Hydrogen Release 
Compound

A proprietary formulation of polylactate is injected 
into the groundwater, triggering the timed release 
of lactic acid that enhances anaerobic 
biodegradation of contaminants in groundwater.

Potentially applicable for the treatment of 
trichloroethene in groundwater.

Notes:

1. General response actions, remedial technologies, and process options for groundwater were adapted from Table 2-6.
2. Process options were retained or eliminated based on an evaluation of their technical implementability given the contaminant types and concentrations in

groundwater, and other relevant site characteristics.
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RESPONSE 
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REMEDIAL 
TECHNOLOGY PROCESS OPTIONS DESCRIPTION SCREENING COMMENTS

No Action No Action No Action No active remediation conducted to address sediment 
contamination.  

Retained for baseline comparison 
purposes in accordance with the
National Contingency Plan.

Limited Action Institutional Controls Deed Restrictions Administrative action used to restrict future site activities on 
individual properties.  Activities such as excavation or 
residential development could be restricted under property 
deeds.

Potentially applicable.

Access Restrictions Fencing/Signage Physically restrict access to contaminated sediments by 
constructing a fence around contaminated areas and posting 
warning signs.

Potentially applicable.

Monitoring Sediment Sampling Periodic sampling and analysis of sediment to assess 
contaminant fate and transport, and natural degradation of 
contaminants.

Potentially applicable.

Natural Recovery Monitored Natural 
Recovery

Natural, ongoing biological, chemical, or physical processes 
are relied upon to reduce risks by reducing the toxicity or 
bioavailability of contaminants in sediment.

Potentially applicable.

Enhanced Natural 
Recovery

A thin layer of clean material is added to the contaminated 
sediment surface to accelerate the recovery process. 

Potentially applicable.

Containment Horizontal Barriers Subaqueous Cap Clean material is placed over contaminated sediment to 
physically and chemically isolate contaminants from the 
aquatic environment.  Cap design could also include 
geotextiles, liners, or other permeable or impermeable 
elements.

Potentially applicable.  

Vertical Barriers Silt Curtain/Silt Screen Silt curtains and silt screens are flexible barriers that hang 
down from the water surface, supported by floats, and are 
ballasted along the bottom of the waterway to provide a 
vertical barrier that will prevent the migration of contaminants 
that are mobilized or resuspended by the dredging process.

Potentially applicable.  Could be 
used to prevent contaminant 
migration during dredging operations 
or could function as part of a 
sediment retention system (see 
below).
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Containment 
(cont.)

Surface Water Flow 
Control

Sediment Retention Sediment retention would involve the use of surface water 
flow controls such as dikes, spillways, and plunge pools to 
mitigate the transport of suspended sediment.  Periodic 
maintenance (i.e. removal of accumulated sediment) would 
be performed to ensure effectiveness.

Potentially applicable.  Sediment 
retention technologies could be used 
to control flow patterns so that 
suspended sediment is able to be 
prevented from migrating with the 
flow of surface water.

Stormwater Bypass A stormwater bypass system would be constructed that 
would re-route surface water flow patterns around areas 
containing contaminated sediments during periods of high 
flow.

Potentially applicable.  A storm 
water bypass system could reduce 
or eliminate the additional sediment 
transport that currently occurs during 
storm events.

Removal Dredging Mechanical Dredging Mechanical dredging equipment (clamshell, backhoe, 
dragline, or similar device) is used to remove contaminated 
material from saturated zones or from areas of submerged 
sediment.

Potentially applicable.

Hydraulic Dredging Hydraulic dredging involves the use of pumps to remove 
sediment in a slurry phase.  The slurry is typically pumped to 
a shore location where treatment of the slurry is performed 
to increase the percentage of solids.  The remaining liquid is 
treated prior to discharge.

Potentially applicable.

Excavation Mechanical Excavation Mechanical excavation could be used to remove unsaturated 
sediment or sediment that is located within reach of a 
shoreline that is acceptable to excavation equipment.

Potentially applicable in certain 
portions of the site.

Treatment Immobilization Solidification / 
Stabilization

Soil mixing equipment used to mix reagents with 
contaminated sediment to physically and/or chemically 
decrease the mobility of contaminants.  Potential reagents 
include cement, pozzolanic material, thermoplastics, 
polymers and asphalt.  

Potentially applicable.  Treatment of 
contaminated sediment by 
solidification/stabilization would be 
performed ex-situ.

Thermal Treatment Incineration Destruction of organic contaminants by subjecting them to 
high temperatures under controlled conditions in a 
combustion chamber.  Treatment would be done ex situ.

Eliminated.  Not effective at treating 
sediments contaminated with 
arsenic.
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Treatment
(cont.)

Thermal Treatment
(cont.)

Pyrolysis Chemical decomposition of organic contaminants by heating 
the material in the absence of oxygen. Treatment would be 
done ex situ.

Eliminated.  Not effective at treating 
sediments contaminated with 
arsenic.

Vitrification Melting of contaminated material to volatilize or pyrolyze 
organics and entrain inorganics in a stable vitreous residual. 
Treatment may be done in situ or ex situ.

Eliminated.  Emerging technology, 
not yet proven at full scale to be an 
effective treatment method for 
sediments contaminated with 
arsenic.

Thermal Desorption Volatile and semi-volatile compounds are separated from 
sediments by heating the sediment to temperatures ranging 
from 90 to 540 degrees Celsius.

Eliminated.  Not effective at treating 
sediments contaminated with 
arsenic.

Physical Treatment Dewatering Dewatering involves the physical separation of free liquids 
from excavated saturated sediment material.  Dewatering 
could be accomplished passively or through the use of 
mechanical processes.

Potentially applicable.  Dewatering 
would be a necessary pre-treatment 
process to improve the performance 
of most ex-situ sediment treatment 
technologies. 

Soil Washing Contaminants sorbed onto fine soil particles are separated 
from bulk soil in an aqueous-based system on particle size.  
The wash water may be augmented with a basic leaching 
agent, surfactant, pH adjustment, or chelating agent to help 
remove organics and heavy metals.

Eliminated.  Not effective at treating 
sediments contaminated with 
arsenic.

Physical Separation An ex-situ process using gravity, magnetic, sieving, or 
physical separation techniques.  Typically used to remove 
oversized material and debris to produce an acceptable feed 
material for subsequent handling and/or treatment.

Potentially applicable.  Could be 
used as a pre-treatment process to 
improve the performance of a 
downstream treatment process.

Electrical Separation Electrochemical and electrokinetic processes are used to 
desorb, and then remove, metals and polar organics from 
soils, sediments, or sludges.  Primarily a separation and 
removal technique.  

Eliminated.  Less effective at 
treating wastes with high moisture 
content.
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Treatment
(cont.)

Chemical Treatment Acid Extraction Contaminated sediment and extractant are mixed in an 
extractor, thereby dissolving the contaminants.  The 
extracted solution is then placed in a separator, where the 
contaminants and extractant are separated for treatment and 
further use.

Potentially applicable.

Chemical Reduction / 
Oxidation

Reduction / oxidation chemically converts hazardous 
contaminants to non-hazardous or less toxic compounds that 
are more stable, less mobile, and/or inert.

Eliminated.  Technology still 
emerging for treatment of sediment.

Biological Treatment Enhanced 
Bioremediation

Naturally occurring microbes are stimulated by circulating 
water-based solutions through contaminated soils to 
enhance in-situ biodegradation of organic contaminants or 
immobilize inorganic contaminants.

Eliminated.  Not effective at 
removing inorganic contaminants 
from sediments.

Land Farming Excavated contaminated sediment is applied into lined beds 
and periodically turned over or tilled to aerate the waste.

Eliminated.  Not effective at treating 
sediments contaminated with 
arsenic.

Phytoremediation Phytoremediation is a process that uses plants to remove, 
transfer, stabilize, and destroy contaminants in soil and 
sediment. Contaminants may be either organic or inorganic.

Potentially applicable.  Retained as 
a treatment technology in areas 
where sediment contamination is 
concentrated near the ground 
surface.

Disposal On-Site Disposal Open-Water Disposal Disposal of contaminated sediment at the bottom of a 
waterway, and capping of sediment to isolate contaminants 
from the environment.

Eliminated.  Not feasible at this site.

Consolidation and 
Capping

Consolidation and on-site disposal of contaminated sediment 
at a specially-constructed on-site landfill that includes a 
bottom liner for leachate collection and a low permeability 
cover to prevent the infiltration of precipitation.

Eliminated.  Limited space available 
to construct landfill with capacity to 
handle anticipated volume of 
sediment.

On-Site Reuse Reuse of treated sediment as fill or backfill at an on-site 
location(s).

Potentially applicable.



TABLE 2-9 (cont.)
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RI051270DF Tetra Tech NUS, Inc.

GENERAL 
RESPONSE 
OPTIONS

REMEDIAL 
TECHNOLOGY PROCESS OPTIONS DESCRIPTION SCREENING COMMENTS

Disposal
(cont.)

Off-Site Disposal Commercial Landfill Disposal of contaminated sediment at an off-site, RCRA-
compliant disposal facility.  Sediment would likely require 
pre-treatment prior to disposal to reduce moisture content.

Potentially applicable.

Notes:

1. General response actions, remedial technologies, and process options for sediment were adapted from Table 2-6.
2. Process options were retained or eliminated based on an evaluation of their technical implementability given the contaminant types and concentrations in 

sediment, and other relevant site characteristics.



TABLE 2-10
PRELIMINARY SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS

FOR CONTAMINATED SURFACE WATER
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

GENERAL 
RESPONSE 

ACTION

REMEDIAL 
TECHNOLOGY PROCESS OPTION DESCRIPTION SCREENING COMMENTS

No Action No Action No Action No active remediation conducted to address surface 
water contamination.  

Retained for baseline comparison purposes in 
accordance with the National Contingency 
Plan.

Limited Action Institutional 
Controls

Deed Restrictions Administrative action used to restrict future site 
activities on individual properties.  Activities such as 
groundwater extraction/use or residential development 
could be restricted under property deeds.  

Eliminated.  Would not protect the benthic 
invertebrate community.

Monitoring and 
Provide Alternate 
Habitat

Surface Water Sampling Periodic sampling and analysis of groundwater to 
assess contaminant leaching and migration. Alternate 
habitat would provide suitable replacement habitat for 
impacted invertebrate community

Potentially applicable.

Natural Attenuation Monitored Natural 
Attenuation

Natural subsurface biological, chemical, or physical 
processes attenuate dissolved organics and 
inorganics, and limit migration of some contaminants.  

Potentially applicable.

Containment Horizontal Barriers Impermeable Cap Impermeable liner / multi-media cover over the bottom 
of the HBHA Pond to prevent groundwater discharge 
into surface water.

Eliminated. Would cause contaminated 
groundwater plume to discharge into lower 
portions of the HBHA.

Horizontal Barriers Permeable Cap Permeable liner / multi-media cover over the bottom of 
the HBHA Pond to limit groundwater discharge into 
surface water.

Eliminated. Would not prevent the fallow and 
discharge of contaminated groundwater to 
surface water and would not protect the benthic 
invertebrate community.

Hydraulic 
Containment

Extraction Wells Configuration of extraction points in the groundwater 
discharge zone to capture flow and prevent 
containment migration.  

Eliminated. Technically impractical to effectively 
extract only the hypolimnion.  Extraction will 
likely increase discharge rate of contaminated 
groundwater further impacting sediments and 
the benthic community.



TABLE 2-10 (cont.)
PRELIMINARY SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS
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RI051270DF Tetra Tech NUS, Inc.

GENERAL 
RESPONSE 

ACTION

REMEDIAL 
TECHNOLOGY PROCESS OPTION DESCRIPTION SCREENING COMMENTS

Ex-Situ
Treatment

Ex-Situ Physical 
Treatment 

All ex-situ physical 
treatment processes 
(similar to groundwater 
processes explained in 
Table 2-8)

Multiple treatment process options to remove or 
destroy benzene and arsenic.  (These are the same 
process as described for ex-situ groundwater 
treatment.)

Eliminated. This would require extraction of 
only the hypolimnion (see above).

Ex-Situ Chemical 
Treatment

All ex-situ chemical 
treatment processes 
(similar to groundwater 
processes explained in 
Table 2-8)

Multiple treatment process options to remove or 
destroy benzene and arsenic.  (These are the same 
process as described for ex-situ groundwater 
treatment.)

Eliminated. This would require extraction of 
only the hypolimnion (see above).

Ex-Situ Biological 
Treatment

Aerobic Biodegredation Suspended growth or fixed film process employing 
aeration and biomass recycle to decompose organic 
contaminants.

Eliminated. This would require extraction of 
only the hypolimnion (see above).

Anaerobic Biodegredation Suspended growth or fixed film process employing 
anaerobic bacteria to decompose organic 
contaminants in an oxygen-free environment.  

Eliminated. This would require extraction of 
only the hypolimnion (see above).

In-Situ 
Treatment

In-Situ Biological 
Treatment

Enhanced Bioremediation A hydrogen peroxide or magnesium peroxide 
formulation is circulated through the contaminated 
ground water zone to increase the oxygen content of 
ground water and enhance the rate of aerobic 
biodegradation of organic contaminants by naturally 
occurring microbes.

Eliminated.  Mass of chemicals required to 
overcome dilution factors may be inefficient and 
result in overdosing which may adversely affect 
water quality of hyperlimnion. May not be 
effective for inorganic contaminants.

In-Situ Chemical 
Treatment

In-Situ Oxidation /Aeration Oxidation chemically converts hazardous 
contaminants to non-hazardous or less toxic 
compounds that are more stable, less mobile, and/or 
inert.  Oxidation may also promote biodegradation.  
Volatilization may be the dominant process removing 
VOCs from surface water.

Eliminated.  Volatilization will cause the 
uncontrolled release and transfer of VOCs from 
surface water to air. 

Notes:
1. General response actions, remedial technologies, and process options for surface water were adapted from Table 2-6.
2. Process options were retained or eliminated based on an evaluation of their technical implementability given the contaminant types and concentrations in surface water, and 

other relevant site characteristics.



TABLE 2-11
EVALUATION OF TECHNOLOGIES AND PROCESS 
OPTIONS FOR SOIL
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

GENERAL 
RESPONSE 

ACTION
TECHNOLOGY PROCESS OPTION EFFECTIVENESS1 IMPLEMENTABILITY2 COST3 CONCLUSION

No Action No Action Not Applicable Would not achieve remedial objectives. No off-site actions required; no treatment, storage, or disposal involved; no 
equipment or services required.

Capital: None
O&M: None

Retain

Limited Action Institutional 
Controls

Deed Restrictions 
Local Ordinances

Would achieve remedial action objectives for subsurface soil by imposing restrictions that 
prevent direct contact with contaminated soil.  Would not achieve remedial objectives for 
surface (accessible) soil without other actions.
No human health or environmental impacts from implementation.  
Reliable to the extent that restrictions or ordinances can be enforced.

Deed restrictions and local ordinances would require legal and/or political 
actions from others.
No treatment, storage, or disposal involved.
Services readily available to implement institutional controls.

Capital: Low
O&M: Low

Retain

Monitoring Soil Sampling Would not achieve remedial objectives without other actions.  
Very low potential for impacts to human health and environment during implementation, so 
long as proper decontamination procedures and personal protective equipment (PPE) are 
utilized during soil sampling.
Reliable process for the evaluation of contaminant migration trends and to monitor the 
progress of remediation or natural attenuation.

No off-site actions required.
No treatment, storage, or disposal involved.
Equipment and labor readily available from several sources.

Capital: None
O&M: Medium

Retain

Natural Attenuation Monitored Natural 
Attenuation

Would achieve remedial objectives for the volume of contaminated soil present at the site.  
Contaminant reduction time frame would be long.
No impacts to human health or environment during implementation.
Reliable process.

No off-site actions required.
No treatment, storage, or disposal services required.
Skilled labor, equipment, and supplies needed to monitor site conditions 
during natural attenuation readily available. 

Capital: None
O&M: Medium

Eliminate

Containment Horizontal Barriers Impermeable Cap Would achieve remedial objectives by preventing direct contact with contaminated soils.
No adverse impacts during construction or implementation beyond those typical of any earth-
moving construction activity.
Reliable technology when implemented with an adequate O&M plan.

No off-site actions required.
No treatment, storage, or disposal involved.
Equipment, labor, and services for implementation readily available from 
several sources.

Capital: Medium
O&M: Medium

Eliminate

Permeable Cover Would achieve remedial objectives by preventing direct contact with contaminated soils.
No adverse impacts during construction or implementation beyond those typical of any earth-
moving construction activity.
Reliable technology when implemented with an adequate O&M plan.

No off-site actions required.
No treatment, storage, or disposal involved.
Equipment, labor, and services for implementation readily available from 
several sources.

Capital: Low/Med
O&M: Medium

Retain

Removal Excavation Mechanical 
Excavation

Would achieve remedial objectives by removing all soil with concentrations exceeding 
remedial goals.
No adverse impacts during implementation beyond those typical of any earth-moving 
construction activity.  Decontamination and health and safety (H&S) procedures would be 
utilized to prevent the spread of contamination during excavation.
Very reliable process for the elimination of arsenic contamination in soil at the site.

No off-site actions required.
Adequate on-site capacity available for temporary storage of excavated 
material.  Location to be determined.  No treatment or disposal involved.  
Conventional construction process that is easily implemented with 
equipment and services that are readily available from several sources.
Excavation of soil located below the water table would present technical 
implementability issues.

Capital: Low
O&M: None

Note: Includes cost 
of excavating only.  
Transport, 
treatment, or 
disposal of soil not 
included.

Retain

Treatment Immobilization Solidification/
Stabilization (S/S)

Would not achieve remedial objectives for contaminated soil present at the site since no 
reduction in contaminant volume would be achieved on direct contact risks would remain.
Potential impacts to human health and the environment from excavation of contaminated soil 
and implementation of S/S process could be mitigated using proper decontamination and H&S 
procedures.
Reliable process for the treatment of arsenic-contaminated soil.

No off-site actions required if treatment conducted on site.  Permits for the 
transportation and off-site treatment of soil could be obtained.
Adequate treatment services/facilities available to handle anticipated 
volume of contaminated soil.
Equipment and skilled labor required for treatment readily available from 
several vendors.

Capital: Medium
O&M: None

Retain

Physical Treatment Physical Separation Could handle the anticipated volume of contaminated soil at the site, but process would not 
meet remediation goals without another treatment process.
Potential impacts to human health and the environment from excavation of contaminated soil 
and implementation of physical separation process could be mitigated using proper 
decontamination and H&S procedures.
Process is proven and reliable, but will not remove contaminants from soil.  Potentially useful 
as a pre-treatment process.

No off-site actions required if treatment conducted on site.  Permits for the 
transportation and off-site treatment of soil could be obtained.
Adequate treatment services/facilities available to handle anticipated 
volume of contaminated soil.
Equipment and skilled labor required for treatment readily available from 
several vendors.

Capital: Medium
O&M: None

Eliminate
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Treatment
(cont.)

Chemical 
Treatment

Acid Extraction Could achieve remedial objectives for the volume of contaminated soil present at the site.
Potential impacts to human health and the environment from excavation of contaminated soil 
and implementation of the acid extraction process could be mitigated using proper 
decontamination and H&S procedures.
Has been shown to be a reliable process for the treatment of arsenic-contaminated soil.  A 
treatability study would be required to verify the effectiveness of this process on the soil types 
present at the site.

No off-site actions required if treatment conducted on site.  Permits for the 
transportation and off-site treatment of soil could be obtained.
Adequate treatment services/facilities available to handle anticipated 
volume of contaminated soil.
Equipment and skilled labor required for treatment available from at least 
2-3 vendors.

Capital: High
O&M: None

Eliminate

Chemical Reduction Ability to achieve remedial objectives for contaminated soil at the site questionable.
Potential impacts to human health and the environment from excavation of contaminated soil 
and implementation of the chemical reduction treatment process could be mitigated using 
proper decontamination and H&S procedures.
Limited information available on the reliability of this technology to treat arsenic-contaminated 
soil.  Treatability study would be required.

No off-site actions required if treatment conducted on site.  Permits for the 
transportation and off-site treatment of soil could be obtained.
Adequate treatment services/facilities may not be available to handle 
anticipated volume of contaminated soil.
Equipment and skilled labor required for treatment may be difficult to 
obtain.  Very few vendors offer this technology for the treatment of soil.

Capital: High
O&M: None

Eliminate

Disposal On-Site Disposal Soil Consolidation 
and Capping

Feasible for anticipated volume of contaminated soil.  Would achieve remedial objectives for 
soil by preventing direct contact with contaminants by isolating them beneath a cap.
Potential impacts to human health and the environment from excavation of contaminated soil 
and construction of a cap could be mitigated using proper decontamination and H&S 
procedures.
Reliable process if an adequate O&M plan is implemented.

No off-site actions required.
Adequate capacity for the consolidation of soil would be available on site.
The equipment and labor necessary to implement this process would be 
readily available from several sources.
On-site consolidation and capping contamiated soil would impose 
restrictions on future land use scenarios.

Capital: Low
O&M: High

Retain

On-Site Disposal 
(cont)

On-Site Reuse Feasible for anticipated volume of contaminated soil.  Effective after achievement of 
remediation goals using a soil treatment technology.
Potential impacts to human health and the environment from excavation of contaminated soil, 
treatment, and on-site reuse could be mitigated using proper decontamination and H&S 
procedures.
Reliable method for on-site disposal of treated material provided that a feasible location can 
be identified on the site. 

No off-site actions required.
Space/capacity for on-site reuse (disposal) of treated soil would be 
available on site.  
Equipment and skilled labor readily available to implement this technology.
On-site reuse of treated soil would impose restrictions on future land use 
scenarios.

Capital: Low
O&M: High

Retain

Off-Site Disposal Commercial Landfill Feasible for anticipated volume of contaminated soil.  Remedial objectives would be achieved 
since direct contact risks would be eliminated.
Potential impacts to human health and the environment from excavation of contaminated soil 
and transportation to the disposal facility could be mitigated using proper decontamination and 
H&S procedures.
Proven and reliable for site contaminants.

Permits for off-site landfill disposal could easily be obtained.
Off-site disposal capacity for the anticipated volume of contaminated soil 
would be available.
Equipment and skilled labor readily available to implement this technology.

Capital: High
O&M: None

Retain

Notes:

1. Effectiveness is evaluated relative to other processes within the same technology type using the following criteria:
A. Potential effectiveness of process option in handling the estimated volume of contaminated soil and meeting the preliminary remediation goals (Table 2-5).
B. Potential impacts to human health and the environment during the construction and implementation phase.
C. Reliability of the process with respect to the contaminants and conditions at the site.

2. Implementability is evaluated relative to other processes within the same technology type using the following criteria:
A. Ability to obtain necessary permits for off-site actions.
B. Availability of treatment, storage, and disposal services (including capacity).
C. Availability of necessary equipment and skilled workers to implement the technology.
D. Potential technical or administrative implementability concerns.

3. Cost plays a limited role in the screening of process options.  Relative capital and operations and maintenance (O&M) costs are used at this stage rather than detailed cost estimates.  Cost analysis is made on the basis of engineering judgment, and each process is 
evaluated as to whether costs are high, medium, or low relative to other process options in the same technology type.
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No Action No Action Not Applicable Would not achieve remedial objectives. No off-site actions required; no treatment, storage, or disposal involved; no 
equipment or services required.

Capital: None
O&M: None

Retain

Limited Action Institutional 
Controls

Deed Restrictions 
Local Ordinances

Would not achieve remedial objectives without other actions.  
No human health or environmental impacts from implementation.  
Reliable to the extent that restrictions can be enforced.

Deed restrictions and local ordinances would require legal and/or political 
actions from others.
No treatment, storage, or disposal involved.
Services readily available to implement institutional controls.

Capital: Low
O&M: Low

Retain

Monitoring Groundwater 
Sampling

Would not achieve remedial objectives without other actions.  
Very low potential for impacts to human health and environment during implementation, 
provided that adequate decontamination and health and safety (H&S) procedures are 
utilized during groundwater sampling.
Reliable process for the evaluation of contaminant migration trends and to monitor the 
progress of remediation or natural attenuation.

No off-site actions required.
No treatment, storage, or disposal involved.
Equipment and skilled labor readily available from several sources.

Capital: None
O&M: Medium

Retain

Natural Attenuation Monitored Natural 
Attenuation

Would achieve remedial objectives for groundwater, but time frames would be very long.
No human health or environmental impacts would result from implementation.
Reliable process for the remediation of groundwater provided that there are no continuing 
sources of contamination.  However, remedial time frames would be very long and 
institutional controls would be necessary to prevent exposures during the remediation 
period.

No off-site actions required.
No off-site treatment, storage, or disposal involved.
Equipment and skilled labor readily available to evaluate the progress of 
natural attenuation.

Capital: None
O&M: Medium

Retain

Containment Horizontal 
Containment

Low Permeability 
Cap

Would not achieve remedial objectives without other actions.  
Potential impacts to human health and the environment from the construction of a low 
permeability cap could be mitigated using proper decontamination and H&S procedures.
Reliable technology to reduce the infiltration of rainwater through contaminated soils that 
might enable leaching of contaminants into groundwater.  No treatment employed.

No off-site actions required.
No treatment, storage, or disposal involved.
Equipment and skilled labor for construction readily available from several 
sources.

Capital: Medium
O&M: Medium

Eliminate

Permeable Cover Would not achieve remedial objectives without other actions.  
Potential impacts to human health and the environment from the construction of a 
permeable cover could be mitigated using proper decontamination and H&S procedures.
Not a reliable technology to reduce water infiltration through contaminated soils.  Leaching, 
if occurring, would not be reduced through the construction of a permeable cover.

No off-site actions required.
No treatment, storage, or disposal involved.
Equipment and skilled labor for construction readily available from several 
sources.

Capital: Low
O&M Medium

Retain

Hydraulic 
Containment

Vertical Extraction 
Wells

Would not achieve remedial objectives without other actions (i.e. treatment)
Potential impacts to human health and the environment from the construction of wells or 
monitoring of containment system could be mitigated using proper decontamination and 
H&S procedures.
Reliable process for hydraulic containment.  Aquifer test or additional evaluation of site 
hydrogeology may be required to properly design.

No off-site actions required.
No treatment, storage or disposal involved.
Equipment and skilled labor available from several sources.

Capital: Medium
O&M: High

Retain

Collection Extraction Vertical Extraction 
Wells

Would not achieve remedial objectives without other actions (i.e. treatment).
Potential impacts to human health and the environment from the construction of wells could 
be mitigated using proper decontamination and H&S procedures.
Reliable process for groundwater extraction.  Aquifer test or additional evaluation of site 
hydrogeology may be required to properly design.

No off-site actions required.
No treatment, storage or disposal involved.
Equipment and skilled labor available from several sources.

Capital: High
O&M: None

Retain

Collection Trench Would not achieve remedial objectives without other actions (i.e. treatment)
Potential impacts to human health and the environment from the construction of trench(es) 
could be mitigated using proper decontamination and H&S procedures.
Less reliable than extraction wells, effectiveness more subject to site-specific 
characteristics.

No off-site actions required.
No treatment, storage or disposal involved.
Equipment and skilled labor available from several sources.

Capital: High
O&M: None

Eliminate

Ex-Situ Treatment Ex-Situ Physical 
Treatment

Equalization Would not achieve remedial objectives without other actions (i.e. treatment).
Potential impacts to human health and the environment during implementation could be 
mitigated using proper decontamination and H&S procedures.
Reliable pre-treatment process that enables homogenization of influent groundwater to 
maximize the efficiency of a subsequent treatment process.

No off-site actions required.
Treatment capacity would be available to implement this technology given 
the assumed ex-situ treatment system flowrate.
Equipment and skilled workers would be available to implement this 
technology.

Capital: Low
O&M: Medium

Retain
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Ex-Situ Treatment
(cont.)

Ex-Situ Physical 
Treatment (cont.)

Dewatering Would not achieve remedial objectives without other actions (i.e. treatment)
Potential impacts to human health and the environment during implementation could be 
mitigated using proper decontamination and H&S procedures.
Reliable pre-treatment process that reduces the moisture content of sludges that might 
result from a filtration process.  Dewatering would be necessary to dry out sludges so that 
they could be disposed of at an off-site facility.

No off-site actions required.
Treatment capacity would be available to implement this technology given 
the assumed ex-situ treatment system flowrate and sludge generation rate.
Equipment and skilled workers would be available to implement this 
technology.

Capital: Medium
O&M: Medium

Retain

Sedimentation Not likely to achieve remedial objectives without further treatment.
Potential impacts to human health and the environment during implementation could be 
mitigated using proper decontamination and H&S procedures.
Reliable pre-treatment process that would decrease the concentration of suspended solids 
in the influent waste stream, increasing the efficiency of a subsequent treatment process.

No off-site actions required.
Treatment capacity would be available to implement this technology given 
the assumed ex-situ treatment system flowrate.
Equipment and skilled workers would be available to implement this 
technology.

Capital: Medium
O&M: None

Retain

Filtration Could achieve remedial objectives for the removal of inorganic contaminants from extracted 
groundwater.
Potential impacts to human health and the environment during implementation could be 
mitigated using proper decontamination and H&S procedures.
Reliable process, has been proven to be effective at removing inorganic contaminants from 
aqueous waste streams to improve the performance of a downstream treatment process.  
Could be used as pre-treatment process to remove inorganic constituents from aqueous 
waste stream prior to a treatment process designed to remove organic contaminants.

No off-site actions required.
Treatment capacity would be available to implement this technology given 
the assumed ex-situ treatment system flowrate.
Equipment and skilled workers would be available to implement this 
technology.

Capital: Low
O&M: None

Retain as 
pre-treatment 

process as
needed.

Nanofiltration Could achieve remedial objectives for the removal of arsenic from extracted groundwater.  
Treatability study would be conducted to verify effectiveness for site-specific groundwater.
Potential impacts to human health and the environment during implementation could be 
mitigated using proper decontamination and H&S procedures.
Nanofiltration has been shown to reduce arsenic (V) concentrations in aqueous waste 
streams by 95% at the pilot scale.  Treatment less reliable for removing arsenic (III).  No full 
scale applications identified.

No off-site actions required.
Treatment capacity would be available to implement this technology given 
the assumed ex-situ treatment system flowrate.
Equipment and skilled workers would be available to implement this 
technology.

Capital: Medium
O&M: None

Eliminate

Reverse Osmosis Could achieve remedial objectives for the removal of arsenic from extracted groundwater.  
Treatability study would be conducted to verify effectiveness for site-specific groundwater.
Potential impacts to human health and the environment during implementation could be 
mitigated using proper decontamination and H&S procedures.
99 percent arsenic removal observed in one full scale application.  Greater than 95% 
removal of arsenic (V) observed in pilot studies using reverse osmosis; less effective 
removing arsenic (III).  Very limited full scale applications of this technology.

No off-site actions required.
Treatment capacity would be available to implement this technology given 
the assumed ex-situ treatment system flowrate.
Equipment and skilled workers would be available to implement this 
technology.

Capital: High
O&M: None

Eliminate

Air Stripping Could achieve remedial objectives for the removal of benzene/toluene or TCE from 
extracted groundwater.
Potential impacts to human health and the environment during implementation could be 
mitigated using proper decontamination and H&S procedures.
Very reliable and proven technology.

No off-site actions required.
Treatment capacity would be available to implement this technology given 
the assumed ex-situ treatment system flowrate.
Equipment and skilled workers would be available to implement this 
technology.

Capital: Low
O&M: Medium

Eliminate

Adsorption Could achieve remedial objectives for the removal of organic or inorganic groundwater 
contaminants, depending upon the adsorption media selected.
Potential impacts to human health and the environment during implementation could be 
mitigated using proper decontamination and H&S procedures.
Adsorption using activated carbon is a reliable and proven technology for the removal of 
VOCs.  Activated carbon has also been used to remove arsenic from an aqueous stream, 
but regeneration of carbon for arsenic treatment can be problematic.  Activated alumina is 
the sorbent that is most commonly used to treat arsenic, and has been used reliably in 
several full-scale applications for this purpose.

No off-site actions required.
Treatment capacity would be available to implement this technology given 
the assumed ex-situ treatment system flowrate.
Equipment and skilled workers would be available to implement this 
technology.

Capital: Low
O&M: High

Retain
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Ex-Situ Treatment
(cont.)

Ex-Situ Chemical 
Treatment

Ion Exchange Could achieve remedial objectives for the removal of arsenic from extracted groundwater.
Potential impacts to human health and the environment during implementation could be 
mitigated using proper decontamination and H&S procedures.
Reliable treatment process that has been used in at least seven full-scale applications to 
treat arsenic-contaminated water.

No off-site actions required.
Treatment capacity would be available to implement this technology given 
the assumed ex-situ treatment system flowrate.
Equipment and skilled workers would be available to implement this 
technology.

Capital: Low
O&M: High

Eliminate

Chemical Oxidation Ability to achieve remedial objectives uncertain.  Chemical oxidation would be used as part 
of a treatment train to change the chemical form of arsenic as it enters a treatment system, 
which will improve the performance of a downstream treatment process.
Potential impacts to human health and the environment during implementation could be 
mitigated using proper decontamination and H&S procedures.
Reliable process, used in many wastewater treatment processes.  Would not be relied upon 
to decrease arsenic concentrations without another treatment process.

No off-site actions required.
Treatment capacity would be available to implement this technology given 
the assumed ex-situ treatment system flowrate.
Equipment and skilled workers would be available to implement this 
technology.

Capital: High
O&M: Medium

Retain as 
pre-treatment 

process as 
needed

Neutralization Would not achieve remedial objectives.  Would be used as pre-treatment process to 
improve the performance of a downstream treatment process.
Potential impacts to human health and the environment during implementation could be 
mitigated using proper decontamination and H&S procedures.
Reliable process, used in many wastewater treatment processes.  Would not be relied upon 
to decrease arsenic concentrations without another treatment process.

No off-site actions required.
Treatment capacity would be available to implement this technology given 
the assumed ex-situ treatment system flowrate.
Equipment and skilled workers would be available to implement this 
technology.

Capital: High
O&M: Medium

Eliminate

Precipitation/
Coprecipitation

Could achieve remedial objectives for the removal of arsenic from extracted groundwater.
Potential impacts to human health and the environment during implementation could be 
mitigated using proper decontamination and H&S procedures.
Reliable treatment process for the removal of arsenic from extracted groundwater.  
Precipitation/coprecipitation has been used at full-scale in at least 45 projects to treat water 
contaminated with arsenic.

No off-site actions required.
Treatment capacity would be available to implement this technology given 
the assumed ex-situ treatment system flowrate.
Equipment and skilled workers would be available to implement this 
technology.

Capital: High
O&M: Medium

Retain as 
representative ex-

situ treatment 
option for arsenic

Flocculation Ability to achieve remedial objectives uncertain.  Flocculation would be used as a pre-
treatment process to improve the performance of a downstream treatment process.
Potential impacts to human health and the environment during implementation could be 
mitigated using proper decontamination and H&S procedures.
Reliable process, used in many wastewater treatment processes.  Would not be relied upon 
to decrease arsenic concentrations without another treatment process.

No off-site actions required.
Treatment capacity would be available to implement this technology given 
the assumed ex-situ treatment system flowrate.
Equipment and skilled workers would be available to implement this 
technology.

Capital: High
O&M: Medium

Eliminate

Dechlorination Could achieve remedial objectives for the removal of TCE from extracted groundwater.
Potential impacts to human health and the environment during implementation could be 
mitigated using proper decontamination and H&S procedures.

No off-site actions required.
Treatment capacity would be available to implement this technology given 
the assumed ex-situ treatment system flowrate.
Equipment and skilled workers would be available to implement this 
technology.

Capital: High
O&M: Medium

Eliminate

Zero-Valent Iron Could achieve remedial objectives for the removal of arsenic from extracted groundwater.
Potential impacts to human health and the environment during implementation could be 
mitigated using proper decontamination and H&S procedures.
Reliable treatment process for the removal of arsenic from extracted groundwater.  Zero-
valent  iron has been used at full-scale projects to treat water contaminated with arsenic.

No off-site actions required.
Treatment capacity would be available to implement this technology given 
the assumed ex-situ treatment system flowrate.
Equipment and skilled workers would be available to implement this 
technology.

Capital: High
O&M: Medium

Eliminate

Fenton’s Reagent Could achieve remedial objectives for the removal of organics from extracted groundwater.
Potential impacts to human health and the environment during implementation could be 
mitigated using proper decontamination and H&S procedures.
Reliable treatment process for the removal/destruction of organics from extracted 
groundwater.  .

No off-site actions required.
Treatment capacity would be available to implement this technology given 
the assumed ex-situ treatment system flowrate.
Equipment and skilled workers would be available to implement this 
technology.

Capital: High
O&M: Medium

Eliminate

Ex-Situ Biological 
Treatment

Aerobic 
Biodegradation

Could achieve remedial objectives for the removal of organics from extracted groundwater.
Potential impacts to human health and the environment during implementation could be 
mitigated using proper decontamination and H&S procedures.
Reliable treatment process for the removal/destruction of organics from extracted 
groundwater.  .

No off-site actions required.
Treatment capacity would be available to implement this technology given 
the assumed ex-situ treatment system flowrate.
Equipment and skilled workers would be available to implement this 
technology.

Capital: Medium
O&M: Medium

Eliminate
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Ex-Situ Treatment
(cont.)

Ex-Situ Biological 
Treatment (cont.)

Anaerobic 
Biodegradation

Could achieve remedial objectives for the removal of organics from extracted groundwater.
Potential impacts to human health and the environment during implementation could be 
mitigated using proper decontamination and H&S procedures.
Reliable treatment process for the removal/destruction of organics from extracted 
groundwater.  

No off-site actions required.
Treatment capacity would be available to implement this technology given 
the assumed ex-situ treatment system flowrate.
Equipment and skilled workers would be available to implement this 
technology.

Capital: Medium
O&M: Medium

Eliminate

Discharge Surface Discharge Direct Discharge Would not achieve remedial objectives.
Potential impacts to human health and the environment during implementation could be 
mitigated using proper decontamination and H&S procedures.
Reliable process, used in many wastewater treatment processes.  Would not be relied upon 
to decrease arsenic or organic contaminant concentrations without another treatment 
process.

Permits to discharge water to a surface water would not likely be granted 
without pretreatment. 
Equipment and skilled workers would be available to implement this 
technology.

Capital: Low
O&M: Low

Eliminate

Indirect Discharge The volume of water that is likely to be discharged to the POTW under an ex-situ treatment 
(pump and treat) scenario is likely to be too large to be handled by the existing wastewater 
treatment system.
Potential impacts to human health and the environment during implementation could be 
mitigated using proper decontamination and H&S procedures.
Reliable process for the discharge of treated water.

Permits to discharge treated water to a POTW would not likely be granted 
since the anticipated volume of water that would be discharged to the is likely 
to overwhelm the capacity of the facility. 
Equipment and skilled workers would be available to implement this 
technology. 

Capital: Low
O&M: High

Eliminate

Subsurface 
Discharge

Infiltration Gallery The volume of water that is likely to be discharged into an infiltration gallery under an ex-situ 
treatment (pump and treat) scenario would be very large.  Additional investigation would 
need to be conducted to determine if the subsurface at the site could handle this volume of 
water without undesirable impacts to local groundwater levels or flow directions. 
Potential impacts to human health and the environment during implementation could be 
mitigated using proper decontamination and H&S procedures.
Reliable process for the discharge of treated water under many circumstances.

No off-site actions required.
Additional investigation would be needed to determine if direct discharge to 
an infiltration gallery would be implementable at the site.
Equipment and skilled workers would be available to implement this 
technology.

Capital: Medium
O&M: Low

Eliminate

In-Situ Treatment In-Situ Physical 
Treatment

Air Sparging/Soil 
Vapor Extraction

Could achieve remedial objectives for VOCs in groundwater, provided that air sparge points 
could be located in a manner that permits distribution of air throughout the contaminated 
area.  Would not remove arsenic contamination from groundwater.
Previous attempts at air sparging on the site have created potential human health risks that 
forced the abandonment of the treatment system.
Reliable process for the treatment of VOCs in groundwater where site-specific conditions 
are amenable to the distribution of air to the subsurface. 

No off-site actions required.
Treatment services would be available to implement this technology.
Equipment and skilled workers would be available to implement this 
technology.

Capital: High
O&M: Low

Retain

Permeable Reactive 
Barrier (PRB)

Achievement of remedial objectives for arsenic in groundwater would be dependent upon 
the location of the barrier.  A barrier installed downgradient from the locations where future 
risks were identified would not achieve remedial objectives in the impacted area.  A PRB 
would not achieve remedial objectives for organic contaminants in groundwater.
Potential impacts to human health and the environment during implementation could be 
mitigated using proper decontamination and H&S procedures during construction.
PRBs have been proven as a reliable technology for the treatment of arsenic in 
groundwater when zero-valent iron is utilized as a treatment medium.

No off-site actions required.
Treatment services would be available to implement this technology.
Equipment and skilled workers would be available to implement this 
technology.

Capital: Low
O&M: High

Retain

In-Situ Chemical 
Treatment

In-Situ Chemical 
Oxidation (ISCO)

ISCO could achieve remedial objectives for organic contaminants (TCE, benzene, toluene) 
provided that the chemical oxidant could be delivered to the contaminated area effectively.  
ISCO would not achieve remedial objectives for arsenic in groundwater.
Potential impacts to human health and the environment during implementation could be 
mitigated using proper decontamination and H&S procedures.
ISCO is a reliable technology for the treatment of organic contaminants in groundwater, 
provided that site-specific subsurface conditions are amenable to the distribution of the 
oxidant throughout the area of contamination.

No off-site actions required.
Treatment services would be available to implement this technology.
Equipment and skilled workers would be available to implement this 
technology.

Capital: High
O&M: High

Eliminate
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In-Situ Treatment
(cont.)

In-Situ Biological 
Treatment

Enhanced 
Bioremediation

Could achieve remedial objectives for organic contaminants (TCE, benzene, toluene) 
provided that the nutrients or oxygen could be delivered to the contaminated area 
effectively.  Enhanced bioremediation would not achieve remedial objectives for arsenic in 
groundwater.
Potential impacts to human health and the environment during implementation could be 
mitigated using proper decontamination and H&S procedures.
Enhanced bioremediation is a reliable technology for the treatment of organic contaminants 
in groundwater, provided that site-specific subsurface conditions are amenable to the 
distribution of nutrients and/or oxygen throughout the area of contamination.

No off-site actions required.
Treatment services would be available to implement this technology.
Equipment and skilled workers would be available to implement this 
technology.

Capital: High
O&M: High

Retain

Hydrogen Release 
Compound (HRC)

Could achieve remedial objectives for organic contaminants (TCE, benzene, toluene) 
provided that the nutrients or chemical oxidant could be delivered to the contaminated area 
effectively.  HRC may not achieve remedial objectives for arsenic in groundwater.
Potential impacts to human health and the environment during implementation could be 
mitigated using proper decontamination and H&S procedures.
HRC is a reliable technology primarily for the treatment of organic contaminants in 
groundwater, provided that site-specific subsurface conditions are amenable to the 
distribution of  the oxidant throughout the area of contamination.

No off-site actions required.
Treatment services would be available to implement this technology.
Equipment and skilled workers would be available to implement this 
technology.

Capital: High
O&M: High

Retain

Notes:

1. Effectiveness is evaluated relative to other processes within the same technology type using the following criteria:
A. Potential effectiveness of process option in handling the estimated volume of contaminated groundwater and meeting the preliminary remediation goals (Table 2-5).
B. Potential impacts to human health and the environment during the construction and implementation phase.
C. Reliability of the process with respect to the contaminants and conditions at the site.

2. Implementability is evaluated relative to other processes within the same technology type using the following criteria:
A. Ability to obtain necessary permits for off-site actions.
B. Availability of treatment, storage, and disposal services (including capacity).
C. Availability of necessary equipment and skilled workers to implement the technology.
D. Potential technical implementability concerns.

3. Cost plays a limited role in the screening of process options.  Relative capital and operations and maintenance (O&M) costs are used at this stage rather than detailed cost estimates.  Cost analysis is made on the basis of engineering judgment, and each process is 
evaluated as to whether costs are high, medium, or low relative to other process options in the same technology type.
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No Action No Action Not Applicable Would not achieve remedial objectives. No off-site actions required; no treatment, storage, or disposal involved; no 
equipment or services required.

Capital: None
O&M: None

Retain

Limited Action Institutional 
Controls

Deed Restrictions 
Local Ordinances

Would not achieve remedial objectives without other actions.  
No human health or environmental impacts from implementation.  
Reliable to the extent that restrictions can be enforced.

Deed restrictions and local ordinances would require legal and/or political 
actions from others.
No treatment, storage, or disposal involved.
Services readily available to implement institutional controls.

Capital: Low
O&M: Low

Retain

Access 
Restrictions

Fencing/Signage Would not achieve remedial objectives without other actions.
No human health or environmental impacts from implementation.
Reliable to the extent that barriers are maintained and warnings are heeded.

No off-site actions required.
No treatment, storage or disposal involved.
Conventional construction, readily available skilled labor and services from 
several sources.

Capital: Medium
O&M: Low

Retain

Monitoring Sediment Sampling Would not achieve remedial objectives without other actions.  
Very low potential for impacts to human health and environment during implementation 
provided that proper decontamination procedures and adequate personal protective 
equipment are used during sampling.
Reliable process for the evaluation of contaminant migration trends and to monitor the 
progress of remediation or recovery.

No off-site actions required.
No treatment, storage, or disposal involved.
Labor and services readily available from several sources.

Capital: None
O&M: Medium

Retain

Natural Recovery Monitored Natural 
Recovery

Could achieve remedial objectives for the volume of contaminated sediment present at the 
site.
No impacts to human health or environment during implementation.
Reliable process, but contaminant reduction would be gradual, resulting in very long 
remedial time frames.  Treatability investigation would be conducted to verify that 
adequate natural processes are present to achieve cleanup goals.

No off-site actions required.
No treatment, storage, or disposal services required.
Skilled labor, equipment, and supplies needed to monitor site conditions 
during recovery would be readily available. 

Capital: Low
O&M: Medium

Eliminate

Containment Horizontal Barriers Subaqueous Cap Would achieve remedial objectives by preventing direct human contact with contaminated 
sediment and reducing the rate of contaminated sediment resuspension and migration.
Potential adverse impacts to human health during construction could be mitigated through 
the use of proper decontamination and health and safety (H&S) procedures.  Short-term 
adverse impacts to the environment would be unavoidable.
Reliable technology when implemented with an adequate O&M plan.

No off-site actions required.
No treatment, storage, or disposal involved.
Materials, labor, and services for implementation available from several 
vendors.  Specialization in underwater construction would be necessary, 
which would limit potential contractors.

Capital: Medium
O&M: High

Retain

Vertical Barriers Silt Screen/Silt 
Curtain

Would not achieve remedial objectives without other actions.
No adverse impacts to human health or the environment if utilized properly.
Reliable technology to prevent downstream migration of contaminated sediment during 
sediment removal or cap placement activities.

No off-site actions required.
No treatment, storage, or disposal involved.
Equipment and services for implementation available from several sources.

Capital: Low
O&M: None

Retain

Surface Water 
Flow Control

Sediment Retention Would not achieve treatment goals, but would achieve remedial action objective pertaining 
to limiting the mobility of contaminated sediment.
Potential adverse impacts to human health during construction could be mitigated using 
proper decontamination and H&S procedures.  Modification of surface water bodies would 
have impacts on the environment during implementation, but only in the short term.
Should be a reliable method to limit the mobility of contaminated sediment that might be 
resuspended into the water column.

No off-site actions required.
No treatment, storage, or disposal involved.
Materials, labor, and services for implementation are available from several 
vendors.

Capital: Medium
O&M: Medium

Retain
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Containment (cont.) Surface Water 
Flow Control
(cont.)

Stormwater Bypass Would not achieve treatment goals, but would achieve remedial action objective pertaining 
to limiting the mobility of contaminated sediment.
Potential adverse impacts to human health during construction could be mitigated using 
proper decontamination and H&S procedures.  Minimal impacts to the environment during 
construction/implementation.
Would be a reliable method to prevent high flow conditions that have been shown to 
resuspend contaminated sediment into the water column.

No off-site actions required.
No treatment, storage, or disposal involved.
Materials, labor, and services for implementation are available from several 
vendors.

Capital: Medium
O&M: Medium

Retain

Removal Dredging Mechanical Dredging Would achieve remedial objectives by removing all sediment with concentrations of COCs 
exceeding their remedial goals.
Potential adverse impacts to human health during implementation could be mitigated using 
proper decontamination and H&S procedures.  Adverse short-term impacts to the 
environment would be unavoidable.
Very reliable process for the removal of contaminated sediment under the right conditions.

No off-site actions required.
Adequate on-site capacity available for temporary storage of dredged 
sediment (assuming no removal of HBHA Pond sediments).  Location to be 
determined.  No treatment or disposal involved.  
Commonly used process that is implemented using equipment and services 
that are readily available from several vendors.

Capital: High
O&M: None

Eliminate

Hydraulic Dredging Would achieve remedial objectives by removing all sediment with concentrations of COCs 
exceeding their remedial goals.
Potential adverse impacts to human health during implementation could be mitigated using 
proper decontamination and H&S procedures.  Adverse short-term impacts to the 
environment would be unavoidable.
Reliable process for the removal of contaminated sediment.  Limited to “flowable” 
sediments, not capable of removing sediments containing large rocks or other debris.  
More effective than mechanical dredging at preventing sediment resuspension during 
removal.

No off-site actions required.
Adequate on-site capacity available for temporary storage of dredged 
sediment (assuming no removal of HBHA Pond sediments).  Location to be 
determined.  No treatment or disposal involved.  
Equipment and services capable of performing hydraulic dredging projects 
are available, but in fewer number than either excavation or mechanical 
dredging.

Capital: High
O&M: None

Retain for 
dredging in the 

HBHA Pond

Excavation Mechanical 
Excavation

Would achieve remedial objectives by removing all sediment with concentrations of COCs 
exceeding their remedial goals.
Potential adverse impacts to human health during implementation could be mitigated using 
proper decontamination and H&S procedures.  Adverse short-term impacts to the 
environment would be unavoidable.
Very reliable process for the removal of contaminated sediment.  Less effective than 
dredging for removal of submerged sediment or sediment that is not accessible from dry 
ground.  Greater removal accuracy versus dredging technologies.

No off-site actions required.
Adequate on-site capacity available for temporary storage of excavated 
sediment (assuming no removal of HBHA Pond sediments).  Location to be 
determined.  No treatment or disposal involved.  
Conventional construction process that is easily implemented with 
equipment and services that are readily available from several sources.

Capital: Medium
O&M: None

Retain for 
sediment removal 
in areas that are 

accessible to 
excavation 
equipment

Treatment Natural Recovery Enhanced Natural 
Recovery

Could achieve remedial objectives for the volume of contaminated sediment present at the 
site.
Potential adverse impacts to human health during implementation could be mitigated using 
proper decontamination and H&S procedures.  Short-term impacts to the environment 
would be minimal.
Could potentially increase contaminant reduction rates over those that would be expected 
under MNR.  Treatability investigation would be conducted to verify that adequate natural 
processes are present to achieve cleanup goals and that enhanced natural recovery would 
be useful to accelerate contaminant reduction processes.

No off-site actions required.
No treatment, storage, or disposal services required.
Skilled labor, equipment, and supplies needed to place the thin-layer cover 
and monitor site conditions during recovery period would be available from 
several sources.

Capital: Medium
O&M: Medium

Eliminate
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Treatment (cont.) Immobilization Solidification/
Stabilization (S/S)

Could achieve remedial objectives for the volume of contaminated sediment present at the 
site (assuming no treatment of HBHA Pond sediment).
Potential impacts to human health and the environment from dredging or excavation of 
contaminated sediment and implementation of S/S process could be mitigated using 
proper decontamination and H&S procedures.
Very reliable process for the treatment of arsenic-contaminated sediment after it has been 
adequately dewatered.

No off-site actions required if treatment conducted on site.  Permits for the 
transportation and off-site treatment of soil could be obtained.
Adequate treatment services/facilities available to handle anticipated 
volume of contaminated sediment (assuming no treatment of HBHA Pond 
sediments).
Equipment and skilled labor required for treatment readily available from 
several vendors.

Capital: Medium
O&M: None

Retain

Physical Treatment Dewatering Would not achieve remedial objectives without another treatment process.
Potential impacts to human health and the environment from the dewatering process could 
be mitigated using proper decontamination and H&S procedures.
Very reliable process, but does not remove contaminants from sediment.

No off-site actions required if treatment conducted on site.  Permits for the 
transportation and off-site treatment of soil could be obtained.
Adequate treatment services/facilities available to handle anticipated 
volume of contaminated sediment (assuming no treatment of HBHA Pond 
sediments).
Equipment and skilled labor required for treatment readily available from 
several vendors.

Capital: Low
O&M: None

Retain as 
pre-treatment 

process as 
needed.

Physical Separation Could handle the anticipated volume of contaminated sediment at the site (assuming no 
treatment of HBHA Pond sediment), but process would not meet remediation goals without 
another treatment process.
Potential impacts to human health and the environment from the implementation of the 
physical separation process could be mitigated using proper decontamination and H&S 
procedures.
Process is proven and reliable, but will not remove contaminants from sediment.  
Potentially useful as a pre-treatment process.

No off-site actions required if treatment conducted on site.  Permits for the 
transportation and off-site treatment of soil could be obtained.
Adequate treatment services/facilities available to handle anticipated 
volume of contaminated sediment (assuming no treatment of HBHA Pond 
sediment).
Equipment and skilled labor required for treatment readily available from 
several vendors.

Capital: Medium
O&M: None

Eliminate

Chemical 
Treatment

Acid Extraction Could achieve remedial objectives for the volume of contaminated sediment present at the 
site, assuming no treatment of HBHA Pond sediments is undertaken.
Potential impacts to human health and the environment from implementation of the acid 
extraction process could be mitigated using proper decontamination and H&S procedures.
Has been shown to be a reliable process for the treatment of arsenic-contaminated soil.  
Less proven for treatment of sediment.  Dewatering prior to treatment would be required.  
A treatability study would be required to verify the effectiveness of this process on the 
sediment present at the site.

No off-site actions required if treatment conducted on site.  Permits for the 
transportation and off-site treatment of soil could be obtained.
Adequate treatment services/facilities available to handle anticipated 
volume of contaminated sediment (assuming no treatment of HBHA Pond 
sediment).
Equipment and skilled labor required for treatment available from at least 2-
3 vendors.

Capital: High
O&M: None

Eliminate

Biological 
Treatment

Phytoremediation May achieve remedial objectives for contaminated sediment at the site.  Would not be 
effective for treatment of sediment in HBHA Pond.
Minimal impacts to human health and the environment anticipated from phytoremediation.
Less reliable than the other treatment technologies for the treatment of sediment 
contaminated with arsenic.  Treatability study would be required.

No off-site actions required.
Adequate treatment services/facilities may be available to handle 
anticipated volume of contaminated sediment (assuming no removal of 
HBHA Pond sediment).
Equipment and skilled labor required for phytoremediation would be 
available.

Capital: Low
O&M: Medium

Eliminate

Disposal On-Site Disposal On-Site Reuse Feasible for anticipated volume of contaminated sediment, assuming no removal of HBHA 
Pond sediment.  Effective after achievement of remediation goals using a sediment 
treatment technology.
Potential impacts to human health and the environment during implementation could be 
mitigated using proper decontamination and H&S procedures.
Reliable method for on-site disposal of treated material provided that an adequate 
operations and maintenance plan is implemented to ensure that the integrity of the cover 
system is maintained and that contaminants remain immobilized in the long term. 

No off-site actions required.
Space/capacity for on-site reuse (disposal) of treated sediment should be 
available on site, assuming no removal of HBHA Pond sediment.  
Equipment and skilled labor readily available to implement this technology.
On-site reuse of treated sediment would impose restrictions on future land 
use scenarios.

Capital: Low
O&M: High

Retain
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Disposal (cont.) Off-Site Disposal Commercial Landfill Feasible for anticipated volume of contaminated soil, provided no removal of HBHA Pond 
sediment.  Remedial objectives would be achieved.
Potential impacts to human health and the environment from excavation of contaminated 
soil and transportation to the disposal facility could be mitigated using proper 
decontamination and H&S procedures.
Proven and reliable for site contaminants.

Permits for transportation and off-site landfill disposal could easily be 
obtained.
Off-site disposal capacity for the anticipated volume of contaminated soil 
would be available (assuming no removal of HBHA Pond sediment).
Equipment and skilled labor readily available to implement this technology. 

Capital: High
O&M: Low

Retain

Notes:

1. Effectiveness is evaluated relative to other processes within the same technology type using the following criteria:
A. Potential effectiveness of process option in handling the estimated volume of contaminated sediment and meeting the preliminary remediation goals (Table 2-5).
B. Potential impacts to human health and the environment during the construction and implementation phase.
C. Reliability of the process with respect to the contaminants and conditions at the site.

2. Implementability is evaluated relative to other processes within the same technology type using the following criteria:
A. Ability to obtain necessary permits for off-site actions.
B. Availability of treatment, storage, and disposal services (including capacity).
C. Availability of necessary equipment and skilled workers to implement the technology.
D. Potential technical implementability concerns.

3. Cost plays a limited role in the screening of process options.  Relative capital and operations and maintenance (O&M) costs are used at this stage rather than detailed cost estimates.  Cost analysis is made on the basis of engineering judgment, and each process is 
evaluated as to whether costs are high, medium, or low relative to other process options in the same technology type.
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No Action No Action Not Applicable Would not achieve remedial objectives. No off-site actions required; no treatment, storage, or disposal 
involved; no equipment or services required.

Capital: None
O&M: None

Retain

Limited Action Monitoring & 
Provide Alternate 
Habitat

Surface Water 
Sampling

Would not achieve remedial objectives without other actions.  
Very low potential for impacts to human health and environment during implementation, 
provided that adequate decontamination and health and safety (H&S) procedures are utilized 
during surface water sampling.
Reliable process for the evaluation of contaminant migration trends and to monitor the progress 
of remediation or natural attenuation.

Requires finding suitable alternate wetlands habitat within the 
Aberjona watershed and obtaining required permits.
No treatment, storage, or disposal involved.
Equipment and skilled labor readily available from several sources.

Capital: High
O&M: Medium

Retain

Natural Attenuation Monitored Natural 
Attenuation

Would achieve remedial objectives for surface water, but time frames would be very long. 
No human health or environmental impacts would result from implementation.
Reliable process for the remediation of surface water provided that there are no continuing 
sources of contamination (i.e. groundwater inputs).  However, remedial time frames would be 
very long and institutional controls would be necessary to prevent exposures during the 
remediation period.

No off-site actions required.
No off-site treatment, storage, or disposal involved.
Equipment and skilled labor readily available to evaluate the progress 
of natural attenuation.

Capital: None
O&M: Medium

Retain

Notes:

1. Effectiveness is evaluated relative to other processes within the same technology type using the following criteria:
A. Potential effectiveness of process option in handling the estimated volume of contaminated surface water and meeting the preliminary remediation goals (Table 2-5).
B. Potential impacts to human health and the environment during the construction and implementation phase.
C. Reliability of the process with respect to the contaminants and conditions at the site.

2. Implementability is evaluated relative to other processes within the same technology type using the following criteria:
A. Ability to obtain necessary permits for off-site actions.
B. Availability of treatment, storage, and disposal services (including capacity).
C. Availability of necessary equipment and skilled workers to implement the technology.
D. Potential technical implementability concerns.

3. Cost plays a limited role in the screening of process options.  Relative capital and operations and maintenance (O&M) costs are used at this stage rather than detailed cost estimates.  Cost analysis is made on the basis of engineering judgment, and each process is 
evaluated as to whether costs are high, medium, or low relative to other process options in the same technology type.



TABLE 3-1
SCREENING OF REMEDIAL ALTERNATIVES FOR SOIL
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF          Tetra Tech NUS, Inc.

ALTERNATIVE TITLE DESCRIPTION EFFECTIVENESS1 IMPLEMENTABILITY2 COST3

No Action See Section 3.2.1 A. Would not protect human health in the short term.
B. Would not protect human health in the long term.
C. No reduction in the toxicity, mobility, or volume of contaminants through treatment.

A. Technically feasible.
B. Administratively feasible.

Capital: None
O&M: None

Monitoring with Institutional 
Controls

See Section 3.2.2 A. Would protect human health in the short term (no construction involved).
B. Would protect human health in the long term by limiting or preventing on-site activities that might result in human 

exposure to contaminated soil.  Would be less effective for contaminated surface soil, since it is more accessible than 
subsurface soil.  Institutional controls are only effective to the extent that they can be adequately enforced.

C. No reduction in the toxicity, mobility, or volume of contaminants through treatment.

A. Technically feasible.
B. Administratively feasible.  Legal mechanisms may be used to impose 

institutional controls if resistance from a property owner is encountered.

Capital: Low
O&M: Low

Permeable Cover and 
Monitoring with Institutional 
Controls

See Section 3.2.3 A. Would protect human health in the short term provided that adequate health and safety measures (i.e. personal 
protective equipment), engineering controls (excavation support, dust control), and decontamination procedures are 
utilized during constructions.

B. Would protect human health in the long term since contaminated soil would be isolated from potential human contact 
by a layer of clean soil.  Protection of human health would be contingent upon effectiveness of institutional controls to 
prevent damage to the cover.

C. No reduction in the toxicity, mobility, or volume of contaminants through treatment.

A. Technically feasible.
B. Administratively feasible.  This alternative would involve the excavation 

of approximately 1.5 feet of surface soil in currently vegetated areas, off-
site disposal of this soil, and replacement of excavated soil with a 
permeable cover consisting of a geotextile and 1.5 feet of clean fill.  
Disposal capacity for the volume of soil would be readily available.

Capital: Medium
O&M: Medium

Excavation and 
Off-Site Disposal

See Section 3.2.4 A. Would protect human health in the short term provided that adequate health and safety measures (i.e. personal 
protective equipment), engineering controls (excavation support, dust control), and decontamination procedures are 
utilized during implementation.

B. Would protect human health in the long term since arsenic-contaminated soil (i.e. soil exceeding human health risk-
based remediation goals) would be removed from the former Mishawum Lake bed.

C. No reduction in the toxicity, mobility, or volume of contaminants through treatment.

A. Technically feasible for surface soil.  Excavation of surface soil would 
not be feasible where the arsenic-contaminated soil area (Figure 2-3a) 
extends below permanent structures.
Excavation of subsurface soil (3-15 feet below ground surface) 
throughout the entire contaminated area would not be feasible due to 
the volume of soil that would need to be removed.

B. Off-site disposal capacity would be available for surface soil.

Capital: High
O&M: Low

Excavation, Treatment, and 
On-Site Reuse

See Section 3.2.5 A. Would protect human health in the short term provided that adequate health and safety measures (i.e. personal 
protective equipment), engineering controls (excavation support, dust control), and decontamination procedures are 
used during excavation and treatment of contaminated soil.

B. Would protect human health in the long term since all arsenic-contaminated soil (i.e. soil exceeding human health 
risk-based remediation goals) would be removed from the former Mishawum Lake bed and would be treated to 
remove arsenic.  Treated material that is reused on the Site would contain concentrations of arsenic that are less than 
the remediation goal for arsenic, which would eliminate the potential for future direct contact risks.

C. Would reduce the toxicity, mobility, and volume of contaminants through treatment.

A. Technically feasible for surface soil.  Excavation of surface soil would 
not be feasible where the arsenic-contaminated soil area (Figure 2-3a) 
extends below permanent structures.  Treatability study would be 
performed to verify technical feasibility of acid extraction process.

B. Physical separation and acid extraction equipment would be available to 
treat anticipated volume of contaminated surface soil.  Volume of 
contaminated subsurface soil would be too large for excavation and 
treatment.

Capital: High
O&M: Low

Notes:

1. The following are the criteria that are used to evaluate the effectiveness of a remedial alternative (RI/FS guidance Section 4.3.2.1; USEPA, October 1988).  Protectiveness statements for this screening focused on the protection of human health, since human health risks are 
the driver for soil remediation in the former Mishawum Lake bed:
A. Protects human health and the environment in short term (during construction and implementation period).
B. Protects human health and the environment in long term (period after the remediation is complete).
C. Reduces the toxicity, mobility, or volume of contaminants through treatment.

2. The following are the criteria that were used to evaluate the implementability of a remedial alternative (RI/FS guidance Section 4.3.2.2; USEPA, October 1988):
A. Technical feasibility, i.e. ability to construct, reliably operate, and meet technology-specific regulations for process options until the remedial action is complete.  Operation, maintenance, and monitoring of alternative also included.
B. Administrative feasibility, i.e. ability to obtain approvals from other offices and agencies; the availability of treatment, storage, and disposal services (including capacity).

3. The cost evaluation that was conducted for the alternatives screening included a comparative evaluation of costs between soil remedial alternatives.



TABLE 3-2
SCREENING OF REMEDIAL ALTERNATIVES FOR GROUNDWATER
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

ALTERNATIVE TITLE DESCRIPTION EFFECTIVENESS1 IMPLEMENTABILITY2 COST3

No Action See Section 3.3.1 A. Would protect human health in the short term (no construction involved).
B. Would not protect human health in the long term without other measures.
C. No reduction in the toxicity, mobility, or volume of contaminants through treatment.

A. Technically feasible.
B. Administratively feasible.

Capital: None
O&M: None

Pond Intercept with Monitoring 
and Institutional Controls

See Section 3.3.2 A. Would protect human health in the short term (no construction involved).
B. Would protect human health in the long term since institutional controls would be implemented to prevent 

future groundwater uses that might pose human health risks.  No treatment or containment of groundwater 
would be performed under this alternative, and contaminated groundwater would not be prevented from 
discharging to the HBHA Pond.

C. Toxicity, mobility, and volume of contaminants would not be reduced through treatment.

A. Technically feasible if implemented with a migration control technology in the 
HBHA Pond that prevents contaminated sediment transport from the Pond 
and includes periodic removal of contaminated sediment that accumulates in 
the Pond.

B. Administratively feasible.  Technical specialists readily available to monitor 
and evaluate chemical conditions in Pond that are required to prevent 
transport of sediments.

Capital: None
O&M: Low

Plume Intercept by 
Groundwater Extraction, 
Treatment, and Discharge and 
Monitoring with Institutional 
Controls

See Section 3.3.3 A. Would protect human health in the short term provided that adequate health and safety measures (i.e. 
personal protective equipment), engineering controls, and decontamination procedures are utilized during 
construction and implementation of the groundwater treatment system.

B. Would protect human health in the long term through the use of institutional controls to prevent future 
exposures to contaminated groundwater.  Contaminant concentrations in groundwater would not be expected 
to decrease below remediation goals in the foreseeable future, but contaminated groundwater discharges to 
the HBHA Pond would be prevented.

C. Toxicity, mobility, and volume of contaminants in groundwater would be reduced through groundwater 
extraction and treatment.

A. Technically feasible if installed at a location where the groundwater extraction 
well network will intercept groundwater before it discharges into the HBHA 
Pond.

B. Administratively feasible.

Capital: High
O&M: High

Plume Intercept by In-Situ 
Groundwater Treatment and 
Monitoring with Institutional 
Controls

See Section 3.3.4 A. Would protect human health in the short term provided that adequate health and safety measures (i.e. 
personal protective equipment), engineering controls, and decontamination procedures are utilized during 
injection of treatment reagents, construction of reactive barrier, and collection/ analysis of groundwater 
samples.

B. Would protect human health in the long term through the use of institutional controls to prevent future 
exposures to contaminated groundwater.  Contaminant concentrations in groundwater would not be expected 
to decrease below remediation goals in the foreseeable future, but contaminated groundwater discharges to 
the HBHA Pond would be prevented.

C. Would reduce the toxicity, mobility, and volume of contaminants through treatment.

A. Technically feasible.  A treatability study would be performed to verify the 
technical feasibility of using enhanced bio-remediation to treat organic 
contaminants-of-concern given site-specific aquifer conditions.
Construction techniques are available that would permit construction of a 
reactive barrier to depths up to those required to be effective at this site.  
Treatability investigations would be needed to verify the reliability of thePRB 
technology given the aquifer conditions present in the arsenic contamination 
area.

B. Administratively feasible.

Capital: High
O&M: Medium

Notes:

1. The following are the criteria that are used to evaluate the effectiveness of a remedial alternative (RI/FS guidance Section 4.3.2.1; USEPA, October 1988).  Protectiveness statements for this screening focused on the protection of human health, since human health risks are 
the driver for groundwater remediation at this site.
A. Protects human health and the environment in short term (during construction and implementation period).
B. Protects human health and the environment in long term (period after the remediation is complete).
C. Reduces the toxicity, mobility, or volume of contaminants through treatment.

2. The following are the criteria that were used to evaluate the implementability of a remedial alternative (RI/FS guidance Section 4.3.2.2; USEPA, October 1988):
A. Technical feasibility, i.e. ability to construct, reliably operate, and meet technology-specific regulations for process options until the remedial action is complete.  Operation, maintenance, and monitoring of alternative also included.
B. Administrative feasibility, i.e. ability to obtain approvals from other offices and agencies; the availability of treatment, storage, and disposal services (including capacity).

3. The cost evaluation that was conducted for the alternatives screening included a comparative evaluation of costs between groundwater remedial alternatives.



TABLE 3-3
SCREENING OF REMEDIAL ALTERNATIVES FOR SEDIMENT
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF   Tetra Tech NUS, Inc.

ALTERNATIVE TITLE DESCRIPTION EFFECTIVENESS1 IMPLEMENTABILITY2 COST3

No Action See Section 3.4.1.1 A. Would protect human health and the environment in the short term (no construction involved).
B. Would not protect human health or the environment in the long term.
C. No reduction in the toxicity, mobility, or volume of contaminants through treatment.

A. Technically feasible.
B. Administratively feasible.

Capital: None
O&M: None

Institutional Controls See Section 3.4.1.2 A. Would protect human health and the environment in the short term (no construction involved).
B. Near-Shore Sediments, Deep Sediments: Would protect human health in the long term by limiting or preventing on-site activities 

that might result in human exposure to contaminated sediment.  Would be less effective for contaminated sediment located near 
the ground surface, since it would be accessible to trespassers.  Institutional controls are only as effective to the extent that they 
can be adequately enforced.
HBHA Pond: Would not prevent exposures to ecological receptors, therefore would not provide long-term protection of the 
environment.  Would not prevent continued migration of contaminated sediments from the HBHA Pond to downstream 
depositional areas.

C. No reduction in the toxicity, mobility, or volume of contaminants through treatment.

A. Technically feasible.
B. Administratively feasible.  Legal mechanisms may be used to 

impose institutional controls if resistance from a property owner 
is encountered.

Capital: Low
O&M: Low

Monitoring with Institutional 
Controls

See Section 3.4.1.3 A. Would protect human health in the short term (no construction involved).
B. Near-Shore Sediments, Deep Sediments: Would protect human health in the long term through the implementation of 

institutional controls to limit or prevent access to sediments that might result in human exposures to contaminants.  Monitoring 
without institutional controls would not provide long term protection of human health.
HBHA Pond: Institutional controls would not provide long-term protection to ecological receptors.  Selection of this alternative for 
the HBHA Pond would need to be accompanied by another technology in order to achieve the RAO for protection of the 
environment.  Would not prevent continued migration of contaminated sediments from the HBHA Pond to downstream 
depositional areas.

C. No reduction in the toxicity, mobility, or volume of contaminants through treatment.

A. Technically feasible at any on-site location.
B. Administratively feasible.  No treatment, storage, or disposal of 

contaminated sediment required.

Capital: Low
O&M: Medium

Subaqueous Cap See Section 3.4.1.4 A. Would protect human health in the short term provided that adequate health and safety measures (i.e. personal protective 
equipment), engineering controls, and decontamination procedures are utilized during construction.  Some short-term impacts 
to the environment would result, but carefully selected cap materials should enable the re-establishment of any aquatic 
ecosystems that are impacted by the cap construction.

B. Near-Shore Sediments: May not protect human health in near-shore sediment areas since placement of a sediment cap could 
render the interior portions of the wetlands more accessible to humans and potentially create additional human health risks.  
Portions of the near-shore sediment risk areas are either not submerged beneath surface water or are located in shallow 
portions of the river.
Deep Sediments: Would not provide any additional protection of human health beyond that which would be provided by 
prohibitions on dredging in the deep sediments risk areas.  Exposure to contaminated sediment while dredging would not be 
prevented by installing a subaqueous cap.
HBHA Pond: A subaqueous cap in the HBHA Pond would isolate contaminated sediments from the overlying water column, 
preventing resuspension and downstream transport/deposition that might create future human health risks at downstream 
areas.  The cap would also provide long-term protection to ecological receptors by providing a habitat for the re-establishment 
of aquatic ecosystems at the bottom of the Pond and isolating benthic communities from contaminants.

C. No reduction in the toxicity, mobility, or volume of contaminants in sediment would be achieved through the implementation of 
this alternative.  Surface water that is removed from the Pond during construction of the cap would be treated to remove 
contaminants prior to returning it to the environment.

A. Technically feasible, but construction of a cap over the existing 
HBHA Pond sediments would be technically challenging.  
Would not be reliable in HBHA Pond unless a groundwater 
treatment technology is utilized to prevent contaminated 
groundwater discharges to the Pond that could contaminate the 
cap materials.
A long-term maintenance and monitoring program would need 
to be implemented to verify and ensure the long-term 
effectiveness of a subaqueous cap.  

B. Permits or approvals may be required to place fill material 
within wetland/floodplain areas.  No treatment, storage, or 
disposal of contaminated sediment required.

Capital: Medium
O&M: High

Stormwater Bypass and
Sediment Retention with 
Partial Dredging and Providing 
Alternate Habitat
(HBHA Pond only)

See Section 3.4.2.3 A. Would protect human health in the short term provided that adequate health and safety measures (i.e. personal protective 
equipment), engineering controls, and decontamination procedures are utilized during construction.  Some short-term impacts 
to the environment would result due to dredging and construction within an aquatic habitat.

B. Would provide long-term protection of human health and the environment in the southern portion of the HBHA Pond through the 
removal and off-site disposal of contaminated sediment.  Additional long-term protection of human health would be provided 
through the construction of surface water controls designed to reduce or eliminate downstream migration of arsenic-
contaminated sediment from the Pond, which will prevent further contamination of sediment in downstream areas that might be 
accessible to human and/or ecological receptors.
Would provide long-term protection of the environment in the southern portion of the Pond through the removal and off-site 
disposal of contaminated sediment.  Would not be protective of ecological receptors in the contaminated sediment retention 
portion of the Pond, but would achieve the RAO for protection of the environment through the creation of an alternate habitat 
(i.e. compensatory wetland) for ecological receptors impacted by contaminated sediments in the Pond.

C. No reduction of the toxicity, mobility, or volume of contaminants in sediment would be achieved through the implementation of 
this alternative.  Dewatering liquids that are generated from the pre-treatment of dredged sediment would be treated to remove 
contaminants prior to returning it to the environment.

A. Technically feasible.  The northern portion of HBHA Pond 
would be utilized as a sediment retention basin under this 
alternative.  Discharges of untreated groundwater to the HBHA 
Pond under this alternative will not impact its reliability.
Contaminants that precipitate out of groundwater that 
discharges to the Pond would accumulate in sediments at the 
Pond bottom, and would be periodically dredged and disposed 
of at an off-site facility.

B. Conventional construction equipment and techniques required 
to implement this alternative.  These would be readily available. 
Adequate capacity for the off-site disposal of dredged sediment 
would be available.

Capital: High
O&M: Medium



TABLE 3-3 (cont.)
SCREENING OF REMEDIAL ALTERNATIVES FOR SEDIMENT
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 2

RI051270DF Tetra Tech NUS, Inc.

ALTERNATIVE TITLE DESCRIPTION EFFECTIVENESS1 IMPLEMENTABILITY2 COST3

Removal and Off-Site Disposal See Section 3.4.1.5 A. Would protect human health in the short term provided that adequate health and safety measures (i.e. personal protective 
equipment), engineering controls, and decontamination procedures are utilized during removal and transport of sediment.  
Some short-term impacts to the environment would result from excavating/dredging of sediment.

B. Near-Shore Sediments: Would protect human health in the long term since all near-shore sediment containing contaminants in 
excess of human health risk-based remediation goals would be removed from the site.  Since the anticipated 
dredging/excavation areas are isolated locations that are relatively small, long-term impacts to aquatic communities are 
expected to be minimal.
Deep Sediments: Would protect human health in the long term since all deep sediments (sediment cores) containing 
contaminants in excess of human health risk-based remediation goals would be removed from the site.  Since the deep 
sediment contamination area is so large, impacts to the environment would be severe.  
HBHA Pond: Would protect human health in the long term since all contaminated sediments would be removed from the HBHA 
Pond and no longer able to resuspend into the water column and migrate downstream during storm events.  Would protect the 
environment in the long term by removing contaminated sediment from the Pond so that ecological receptors are no longer 
exposed to contamination.  Ecological impacts to the Pond that would result from sediment dredging would be significant.

C. No reduction of the toxicity, mobility, or volume of contaminants in sediment would be achieved through the implementation of 
this alternative.  Dewatering liquids that are generated from the pre-treatment of dredged sediment would be treated to remove 
contaminants prior to returning it to the environment.

A. Technically feasible.  Would not be reliable in the HBHA Pond 
unless a groundwater treatment technology is utilized to 
prevent contaminated groundwater discharges to the Pond that
would recontaminate Pond sediments.

B. Adequate capacity would be available for the off-site disposal 
of sediment that would be removed from near-shore sediments 
in the Wells G&H Wetland and Cranberry Bog Conservation 
Area; and sediments in the HBHA Pond.
Due to the large volume of deep sediments that would need to 
be removed to achieve RAOs for deep sediments, capacity for 
the off-site disposal of deep sediments would be difficult to 
obtain. 

Capital: High
O&M: Low

Removal, Treatment, and On-
Site Reuse

See Section 3.4.1.6 A. Would protect human health in the short term provided that adequate health and safety measures (i.e. personal protective 
equipment), engineering controls, and decontamination procedures are utilized during removal, transport, and treatment of 
sediment.  Some short-term impacts to the environment would result from excavating/dredging of sediment.

B. Long-term protection of human health and the environment would be the same as described for Removal and Off-Site Disposal, 
since the same sediment areas would be impacted.  The long-term effectiveness of this alternative would be dependent upon 
the ability of treatment processes to remove contaminants from sediment to levels below remediation goals.

C. Toxicity, mobility, and volume of contaminants in sediment and dewatering liquids would be reduced through treatment.

A. Technical feasibility limited since treatment process has not 
been shown to be reliable for the treatment of sediment.
Technical feasibility of acid extraction process would need to 
be verified through a treatability study prior to implementing the 
alternative.
This alternative would not be reliable in the HBHA Pond unless 
a groundwater treatment technology is utilized to prevent 
contaminated groundwater discharges to the Pond that would 
recontaminate Pond sediments.

B. Treatment equipment would be available to treat anticipated 
volume of contaminated near-shore sediment that would be 
removed from the Wells G&H Wetland and Cranberry Bog 
Conservation Area; and contaminated sediment in the HBHA 
Pond.

Capital: High
O&M: Low

Notes:

1. The following are the criteria that are used to evaluate the effectiveness of a remedial alternative (RI/FS guidance Section 4.3.2.1; USEPA, October 1988).  Protectiveness statements for this screening focused on the protection of human health, since human health risks 
are the driver for sediment remediation at these locations:
A. Protects human health and the environment in short term (during construction and implementation period).
B. Protects human health and the environment in long term (period after the remediation is complete).
C. Reduces the toxicity, mobility, or volume of contaminants through treatment.

2. The following are the criteria that were used to evaluate the implementability of a remedial alternative (RI/FS guidance Section 4.3.2.2; USEPA, October 1988):
A. Technical feasibility, i.e. ability to construct, reliably operate, and meet technology-specific regulations for process options until the remedial action is complete.  Operation, maintenance, and monitoring of alternative also included.
B. Administrative feasibility, i.e. ability to obtain approvals from other offices and agencies; the availability of treatment, storage, and disposal services (including capacity).

3. The cost evaluation that was conducted for the alternatives screening included a comparative evaluation of costs between sediment remedial alternatives.



TABLE 3-4
SCREENING OF REMEDIAL ALTERNATIVES FOR SURFACE WATER
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

ALTERNATIVE TITLE DESCRIPTION EFFECTIVENESS1 IMPLEMENTABILITY2 COST3

No Action See Section 3.5.1 A. Would protect the environment in the short term (no construction involved).
B. Would not protect the environment in the long term without other measures.
C. No reduction in the toxicity, mobility, or volume of contaminants through active treatment.

A. Technically feasible.
B. Administratively feasible.

Capital: None
O&M: None

Monitoring See Section 3.5.2 A. Would protect the environment in the short term (no construction involved).
B. Would not protect the environment in the long term without other measures.
C. No reduction in the toxicity, mobility, or volume of contaminants through active treatment.

A. Technically feasible.
B. Administratively feasible

Capital: Low
O&M: Low

Monitoring and Providing an 
Alternate Habitat

See Section 3.5.3 A. Would protect the environment in the short term with controls.
B. Would not protect the immediate environment in the HBHA Pond in the long term without other measures.  Would 

however protect the wetland habitat inventory within the watershed.
C. Toxicity, mobility, and volume of contaminants would not be reduced through treatment.

A. Technical feasibility would need to be addressed through an 
evaluation of available real estate within the watershed that would be 
suitable for creating a similar wetland habitat. 

B. Administratively feasible.  Technical specialists readily available to 
design and construct compensatory wetlands.

Capital: Medium
O&M: Medium

Notes:

1. The following are the criteria that are used to evaluate the effectiveness of a remedial alternative (RI/FS guidance Section 4.3.2.1; USEPA, October 1988).  Protectiveness statements for this screening focused on the protection of human health, since human health risks 
are the driver for groundwater remediation at this site.
A. Protects human health and the environment in short term (during construction and implementation period).
B. Protects human health and the environment in long term (period after the remediation is complete).
C. Reduces the toxicity, mobility, or volume of contaminants through treatment.

2. The following are the criteria that were used to evaluate the implementability of a remedial alternative (RI/FS guidance Section 4.3.2.2; USEPA, October 1988):
A. Technical feasibility, i.e. ability to construct, reliably operate, and meet technology-specific regulations for process options until the remedial action is complete.  Operation, maintenance, and monitoring of alternative also included.
B. Administrative feasibility, i.e. ability to obtain approvals from other offices and agencies; the availability of treatment, storage, and disposal services (including capacity).

3. The cost evaluation that was conducted for the alternatives screening included a comparative evaluation of costs between groundwater remedial alternatives.



RI051270DF           Tetra Tech NUS, Inc.

TABLE 3-5
SELECTED SOIL ALTERNATIVES FOR DETAILED ANALYSIS

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

Medium Remedial Alternative

Surface Soil No Action

Institutional Controls with Monitoring

Permeable Cover and Monitoring with Institutional 
Controls
Excavation and Off-Site Disposal

Excavation, Treatment, and On-Site Reuse

Subsurface Soil No Action

Institutional Controls with Monitoring

Permeable Cover and Monitoring with Institutional 
Controls

TABLE 3-6
SELECTED GROUNDWATER ALTERNATIVES FOR DETAILED ANALYSIS

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

Medium Remedial Alternative

Groundwater No Action

Pond Intercept with Monitoring and Institutional Controls

Plume Intercept by Groundwater Extraction, Treatment and 
Discharge and Monitoring  with Institutional Controls 
Plume Intercept by In-Situ Groundwater Treatment and 
Monitoring with Institutional Controls



RI051270DF           Tetra Tech NUS, Inc.

TABLE 3-7
SELECTED SEDIMENT ALTERNATIVES FOR DETAILED ANALYSIS

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

Medium Remedial Alternative

Near Shore Sediment No Action
Institutional Controls
Monitoring with Institutional Controls
Removal and Off-Site Disposal

Deep Sediment No Action
Monitoring with Institutional Controls
Removal and Off-Site Disposal

HBHA Pond Sediment No Action
Monitoring
Subaqueous Cap
Storm Water Bypass and Sediment Retention with
Partial Dredging and Providing an Alternate Habitat
Removal and Off-Site Disposal

TABLE 3-8
SELECTED SURFACE WATER ALTERNATIVES FOR DETAILED ANALYSIS

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

Medium Remedial Alternative

Surface Water No Action

Monitoring

Monitoring and Providing an Alternate Habitat



TABLE 4-1A
ALTERNATIVE SS-1 (NO ACTION) - ACTION-SPECIFIC ARARs

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF           Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

NA None NA There are no action-specific ARARs for 
alternative SS-1. 

No action would be taken under Alternative SS-1 that 
will invoke an action-specific ARAR.



TABLE 4-1B
ALTERNATIVE SS-1 (NO ACTION) - LOCATION-SPECIFIC ARARs

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

NA None NA There are no location-specific ARARs for 
Alternative SS-1. 

No action would be taken under Alternative SS-1 
that will invoke a location-specific ARAR.



TABLE 4-1C
ALTERNATIVE SS-1 (NO ACTION) - CHEMICAL-SPECIFIC ARARs

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Criteria, 
Advisories, and 
Guidance

Cancer Slope Factors (CSFs) To Be 
Considered

Guidance values used to evaluate the potential 
carcinogenic risk caused by exposure to 
contaminants. 

CSFs were used to evaluate health risks 
associated with site-related 
contaminants.

Reference Doses (RfDs) To Be 
Considered

Guidance values used to evaluate the potential 
non-carcinogenic hazard caused by exposure to 
contaminants.  

RfDs were used to evaluate health risks 
associated with site-related 
contaminants.

Massachusetts Contingency 
Plan (MCP – 310 CMR 
40.000)

To Be 
Considered

The MCP has established a set of risk-based 
threshold concentrations (UCLs) that must be 
attained in order to achieve a condition of no 
significant risk for groundwater or soil within a 
particular groundwater classification area.

UCLs were used to compare the risk-
based PRGs developed for this Site.  The 
PRGs are below the UCLs.

EPA Health Advisories, 
Human Health Risk 
Assessment Guidance, and 
Ecological Risk Assessment 
Guidance

To Be 
Considered

These advisories and guidance documents 
provide guidance for developing health risk 
information and environmental assessments at 
Superfund sites.

Risk guidance documents were used to 
evaluate human health and ecological 
risks associated with site-related 
contaminants and to develop PRGs.



TABLE 4-1D
DETAILED ANALYSIS OF ALTERNATIVE SS-1

NO ACTION – MISHAWUM LAKE BED SURFACE SOIL
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

1. Overall Protection of Human Health and the Environment

Human Health Protection
The results of the baseline human health risk assessment indicate that there is unacceptable potential risk to human health 
resulting from future exposures to arsenic in surface soil within the former Mishawum Lake bed area.  Because this alternative 
does not take action to mitigate these risks, this alternative does not provide any protection to human health.

Environmental Protection
The results of the baseline ecological risk assessment did not identify unacceptable risks to ecological receptors from exposure to 
surface soil within the former Mishawum Lake bed area.  Therefore, despite the fact that no actions would be taken under this 
alternative, no unacceptable ecological risks would result from the implementation of this alternative.

2. Compliance with ARARs

Chemical-Specific ARARs There are no chemical-specific ARARs identified for this alternative. 

Location-Specific ARARs Since there are no actions associated with this alternative, there are no location-specific ARARs identified.

Action-Specific ARARs Since there are no actions associated with this alternative, there are no action-specific ARARs identified.

Other Criteria, Advisories, and Guidance This alternative would not comply with the PRGs for surface soil that were established based on human health risk assessment 
guidance.

3. Long-Term Effectiveness and Permanence

Magnitude of Residual Risk

The magnitude of residual risk that would result from the selection of this alternative would be high since no actions would be 
taken to mitigate potential future exposures to surface soil.  All of the potential risks associated with exposure to contaminants in 
surface soil would remain.  Five-year reviews would be required to periodically evaluate risks associated with on-site 
contamination. 

Adequacy and Reliability of Controls Since no actions would be taken under this alternative, no provisions would be taken to control future exposures to surface soil.  
No technologies would be utilized, therefore no operations and maintenance would be required.

4. Reduction of Toxicity, Mobility, and Volume Through Treatment

Treatment Process Used and Materials 
Treated This alternative does not employ a treatment process.

Amount of Hazardous Materials Destroyed or 
Treated No hazardous materials would be destroyed or treated under this alternative.

Degree of Expected Reductions in Toxicity, 
Mobility, and Volume

There would be no reduction in the toxicity, mobility, and volume of contaminants under this alternative beyond that which would 
occur naturally due to subsurface geochemical activity.

Degree to Which Treatment is Irreversible No treatment would be employed under this alternative.



TABLE 4-1D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE SS-1
NO ACTION – MISHAWUM LAKE BED SURFACE SOIL
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 3

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

4. Reduction of Toxicity, Mobility, and Volume Through Treatment (cont.)

Type and Quantity of Residuals Remaining 
After Treatment No treatment would be employed under this alternative.

5. Short-Term Effectiveness

Protection of Community During Remedial 
Actions No impacts to the community would result from this alternative since no actions would be taken.

Protection of Workers During Remedial 
Actions No impacts to workers would result from this alternative since no actions would be taken.

Environmental Impacts No impacts to the environment would result from this alternative since no actions would be taken.

Time Until Remedial Action Objectives are 
Achieved

Since no actions would be taken to address contamination that is the cause of unacceptable risks, remedial actions objectives for 
surface and subsurface soil would not be achieved in the reasonably foreseeable future

6. Implementability

Ability to Construct and Operate the 
Technology No construction difficulties or uncertainties would be encountered under this alternative since no actions would be taken.

Reliability of the Technology No treatment technologies would be employed under this alternative.

Ease of Undertaking Additional Remedial 
Actions, if Necessary Additional remedial actions could be taken if necessary, but none would be taken under this alternative.

Ability to Monitor Effectiveness of Remedy Monitoring could be used to evaluate the degree of natural degradation that is occurring in surface soil.

Ability to Obtain Approvals from Other
Agencies Because this alternative does not require any activities, no approvals would be required.

Coordination with Other Agencies Because this alternative does not require any activities, no coordination with other agencies would be required.

Availability of Off-Site Treatment, Storage, 
and Disposal Services and Capacity No off-site treatment, storage, and disposal would be required under this alternative.

Availability of Necessary Equipment and 
Specialists No equipment or technical specialists would be required for this alternative.

Availability of Prospective Technologies No technologies are required for this alternative.



TABLE 4-1D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE SS-1
NO ACTION – MISHAWUM LAKE BED SURFACE SOIL
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 3 OF 3

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

7. Cost

Capital Costs $0

Operations and Maintenance Costs $0

Present Worth Costs $0



TABLE 4-2A
ALTERNATIVE SS-2 (INSTITUTIONAL CONTROLS WITH MONITORING) 

ACTION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements

Statement of 
Procedures on 
Wetlands Protection, 40 
CFR Part 6, App. A, 
Exec. Order 11990 
(1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever possible, the long 
and short term impacts associated with the destruction of 
wetlands, and wetlands development wherever there is a 
practicable alternative in accordance with Executive Order 
11990.  

Will be attained.  There is no practical alternative 
method to work in wetland buffer zones (i.e., 
installation of monitoring wells) with less adverse 
impact and all practicable measures would be 
taken to minimize and mitigate any adverse 
impacts.  Erosion and sedimentation controls 
would be adopted during construction and 
restoration activities.

Executive Order for 
Floodplain Management
Exec. Order 11988 
(1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the risk of flood loss, 
minimize impact of floods, and restore and preserve the 
natural and beneficial values of floodplains.

Will be attained.  There is no practical alternative 
method to work in floodplains (i.e., installation of 
monitoring wells) with less adverse impact and all 
practicable measures would be taken to minimize 
and mitigate any adverse impacts.  Erosion and 
sedimentation controls would be adopted during 
construction and restoration activities.

RCRA Identification and 
Listing of Hazardous 
Wastes,
40 CFR 261.3

Applicable or 
Relevant and 
Appropriate

Criteria for determining if a waste or contaminated media is a 
hazardous waste subject to regulation. If a contaminated 
media exhibits the characteristics of a hazardous waste, 
RCRA hazardous waste regulations are applicable.   If a 
contaminated media is sufficiently similar to listed RCRA 
hazardous wastes, these regulations are relevant and 
appropriate.

EPA will assess the contaminated soils using this 
criteria to determine whether they should be 
managed as hazardous waste.

RCRA – Groundwater 
Monitoring (40 CFR 
264, Subpart F)

Relevant and 
Appropriate 

This regulation details the requirements for groundwater 
monitoring and responding to releases from solid waste 
management units.

Groundwater monitoring would be required to 
evaluate the natural attenuation processes and 
contaminant migration.

RCRA Closure and 
Post-Closure 
Requirements,
40 CFR, Subpart G 

Relevant and 
Appropriate

If contaminated soil constitutes characteristic hazardous 
waste or are sufficiently similar to listed RCRA hazardous 
wastes, these regulations are relevant and appropriate.  
Closure must be completed in a manner that minimizes the 
need for further maintenance, and controls, minimizes or 
eliminates, to the extent necessary to protect human health 
and the environment, post-closure escape of hazardous 
waste, hazardous constituents, leachate, contaminated run-
off, or hazardous waste decomposition products to the 
ground or surface waters or to the atmosphere.

The imposition of institutional controls would
prevent exposure with surface soils, and 
groundwater monitoring would ensure that there is 
no migration of contamination from the soil.  



TABLE 4-2A (cont.)
ALTERNATIVE SS-2 (INSTITUTIONAL CONTROLS WITH MONITORING) 
ACTION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 2

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

State 
Regulatory 
Requirements

Massachusetts 
Wetlands Protection Act 
and Regulations, MGL 
c. 131 § 40
310 CMR 10.00

Applicable Regulations restrict dredging, filling, altering, or polluting 
inland wetland resource areas and impose performance 
standards for work in such areas.  Protected resource areas 
include: 10.54 (Bank); 10.55 (Bordering Vegetated 
Wetlands); 10.56 (Land under Water); 10.57 (Bordering 
Land subject to Flooding); and 10.58 (Riverfront Area).

Will be attained because (a) there is no practicable 
alternative that would be less damaging to 
resource areas; (b) all practical measures would be 
taken to minimize adverse impacts on wetlands; (c) 
stormwater discharges would be controlled 
through best management practices (BMPs); (d) 
actions would be taken to minimize impact of 
hydrologic changes during the work to the extent 
practicable; (e) after completion of the work, there 
would be no significant net loss of flood storage 
capacity and no significant net increase in flood 
storage or velocities; and (f) disturbed vegetation, 
river, and riverbank would be restored.



TABLE 4-2B
ALTERNATIVE SS-2 (INSTITUTIONAL CONTROLS WITH MONITORING)

LOCATION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements

Statement of Procedures 
on Wetlands Protection,
40 CFR Part 6, App. A, 
Exec. Order 11990 (1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever possible, the 
long and short term impacts associated with the 
destruction of wetlands, and wetlands development 
wherever there is a practicable alternative in 
accordance with Executive Order 11990.  

Will be attained.  There is no practical alternative 
method to work within wetland buffer zones (i.e., 
installation of monitoring wells) with less adverse 
impact and all practicable measures would be taken to 
minimize and mitigate any adverse impacts.  Erosion 
and sedimentation control measures would be 
adopted during construction and restoration activities.

Executive Order for 
Floodplain Management
Exec. Order 11988 (1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the risk of 
flood loss, minimize impact of floods, and restore and 
preserve the natural and beneficial values of 
floodplains.

Will be attained.  There is no practical alternative 
method to work in floodplains (i.e., installation of 
monitoring wells) with less adverse impact and all 
practicable measures would be taken to minimize and 
mitigate any adverse impacts.  Erosion and 
sedimentation control measures would be adopted 
during construction and restoration activities.

State Regulatory 
Requirements

Massachusetts Wetlands 
Protection Act and 
Regulations, MGL c. 131 
§ 40
310 CMR 10.00

Applicable Regulations restrict dredging, filling, altering, or 
polluting inland wetland resource areas and impose 
performance standards for work in such areas.  
Protected resource areas include: 10.54 (Bank); 
10.55 (Bordering Vegetated Wetlands); 10.56 (Land 
under Water); 10.57 (Bordering Land subject to 
Flooding); and 10.58 (Riverfront Area).

Will be attained because (a) there is no practicable 
alternative that would be less damaging to resource 
areas; (b) all practical measures would be taken to 
minimize adverse impacts on wetlands; (c) stormwater 
discharges would be controlled through best 
management practices (BMPs); (d) actions would be 
taken to minimize impact of hydrologic changes during 
the work to the extent practicable; (e) after completion 
of the work, there would be no significant net loss of 
flood storage capacity and no significant net increase 
in flood storage or velocities; and (f) disturbed 
vegetation, river, and riverbank would be restored.



TABLE 4-2C
ALTERNATIVE SS-2 (INSTITUTIONAL CONTROLS WITH MONITORING)

CHEMICAL-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF           Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

State Regulatory 
Requirements

Massachusetts Contingency 
Plan (MCP – 310 CMR 40.000)

To Be 
Considered

The MCP has established a set of risk-based threshold 
concentrations (UCLs) that must be attained in order to 
achieve a condition of no significant risk for groundwater 
or soil within a particular groundwater classification area.

UCLs were used to compare the risk-based 
PRGs developed for this Site.  The PRGs are 
below the UCLs.

Criteria, 
Advisories, and 
Guidance

Cancer Slope Factors (CSFs) To Be 
Considered

Guidance values used to evaluate the potential 
carcinogenic risk caused by exposure to contaminants. 

CSFs were used to evaluate health risks 
associated with site-related contaminants.

Reference Doses (RfDs) To Be 
Considered

Guidance values used to evaluate the potential non-
carcinogenic hazard caused by exposure to 
contaminants.  

RfDs were used to evaluate health risks 
associated with site-related contaminants.

EPA Health Advisories, Human 
Health Risk Assessment 
Guidance, and Ecological Risk 
Assessment Guidance

To Be 
Considered

These advisories and guidance documents provide 
guidance for developing health risk information and 
environmental assessments at Superfund sites.

Risk guidance documents were used to 
evaluate human health and ecological risks 
associated with site-related contaminants 
and to develop PRGs.



TABLE 4-2D
DETAILED ANALYSIS OF ALTERNATIVE SS-2

INSTITUTIONAL CONTROLS – MISHAWUM LAKE BED SURFACE SOIL
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc

EVALUATION CRITERIA DETAILED ANALYSIS

1. Overall Protection of Human Health and the Environment

Human Health Protection

The results of the baseline human health risk assessment indicate that there is unacceptable potential risk to human health 
resulting from future exposures to arsenic in surface soil within the former Mishawum Lake bed.  This alternative would utilize 
institutional controls such as deed restrictions and local ordinances to restrict future on-site activities that would create 
exposures to contaminated surface soil.  The overall protection of human health that would be provided by this alternative 
would be limited by the extent to which these restrictions can be enforced.  The overall protection of human health that would 
be provided by this alternative would be further limited by the accessibility of surface soil to human receptors.

Environmental Protection

The results of the baseline ecological risk assessment did not identify unacceptable risks to ecological receptors from exposure 
to surface or subsurface soil within the former Mishawum Lake bed.  Therefore, despite the fact that no actions would be taken 
under this alternative to reduce ecological risks, no unacceptable ecological risks would result from the implementation of this 
alternative.

2. Compliance with ARARs

Chemical-Specific ARARs There were no chemical-specific ARARs identified for soil.

Location-Specific ARARs This alternative would comply with all of the pertinent location-specific ARARs that are identified on Table 4-2B.

Action-Specific ARARs This alternative would comply with all of the pertinent action-specific ARARs that are identified on Table 4-2A.

Other Criteria, Advisories, and Guidance This alternative would comply with the PRGs for surface soil that were established based on human health risk assessment 
guidance so long as institutional controls are adequately enforced.

3. Long-Term Effectiveness and Permanence

Magnitude of Residual Risk

The magnitude of residual risk that would result from the implementation of this alternative would be moderate since no on-site 
actions would be taken to treat, contain, or remove contaminated surface soil.  Efforts would be made, through the restriction on 
future on-site activities and fencing, to control potential future exposures to contaminated soil.  Since contamination would 
remain on-site above levels that allow for unlimited use and unrestricted exposure to soils, five-year reviews would be required 
to periodically evaluate risks associated with on-site contamination. 



TABLE 4-2D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE SS-2
INSTITUTIONAL CONTROLS – MISHAWUM LAKE BED SURFACE SOIL
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 3

RI051270DF Tetra Tech NUS, Inc

EVALUATION CRITERIA DETAILED ANALYSIS

3. Long-Term Effectiveness and Permanence (cont.)

Adequacy and Reliability of Controls

Since no technologies would be utilized under this alternative, no process efficiencies or performance standards would need to 
be met and no technical components would need to be replaced.  
Since no treatment, containment, or removal of contaminants would occur under this alternative, long-term monitoring to verify 
the protectiveness of the remedy would be required.  Long-term monitoring would likely consist of periodic inspections for 
evidence of human contact with contaminated soil.
There is some uncertainty that institutional controls could adequately control potential human exposures to contaminated 
surface soil since contamination is located close to the ground surface in an area that is readily accessible to human receptors.

4. Reduction of Toxicity, Mobility, and Volume Through Treatment

Treatment Process Used and Materials 
Treated

This alternative does not employ a treatment process.

Amount of Hazardous Materials Destroyed or 
Treated

No hazardous materials would be destroyed or treated under this alternative.

Degree of Expected Reductions in Toxicity, 
Mobility, and Volume

There would be no reduction in the toxicity, mobility, and volume of contaminants under this alternative beyond that which 
would occur naturally due to subsurface geochemical activity.

Degree to Which Treatment is Irreversible No treatment would be employed under this alternative.

Type and Quantity of Residuals Remaining 
After Treatment

No treatment would be employed under this alternative.

5. Short-Term Effectiveness

Protection of Community During Remedial 
Actions

No impacts to the community would result from the implementation of this alternative since no on-site actions would be taken.

Protection of Workers During Remedial 
Actions

No impacts to workers would result from the implementation of this alternative since no on-site actions would be taken.

Environmental Impacts No impacts to the environment would result from the implementation of this alternative since no on-site actions would be taken.

Time Until Remedial Action Objectives are 
Achieved

Protection against potential future exposures to surface soil that would be provided by the imposition of institutional controls 
would be achieved as soon as the appropriate legal agreements can be drafted and approved.  To the extent that these 
controls or restrictions can be effectively enforced, this would achieve the remedial action objectives for surface soil.



TABLE 4-2D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE SS-2
INSTITUTIONAL CONTROLS – MISHAWUM LAKE BED SURFACE SOIL
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 3 OF 3

RI051270DF Tetra Tech NUS, Inc

EVALUATION CRITERIA DETAILED ANALYSIS

6. Implementability

Ability to Construct and Operate the 
Technology

No construction difficulties or uncertainties would be encountered under this alternative since no on-site construction activities 
would be undertaken.

Reliability of the Technology No treatment technologies would be employed under this alternative.

Ease of Undertaking Additional Remedial 
Actions, if Necessary

Future remedial actions would be necessary if institutional controls do not prove to be an effective deterrent to the types of 
activities that would cause unacceptable exposures to contaminated soil.  Additional remedial actions could easily be taken if 
necessary to contain, remove, or treat soil so that there is no longer a potential risk associated with future exposures to surface 
soil.

Ability to Monitor Effectiveness of Remedy Monitoring could be used to evaluate the degree of natural degradation that is occurring in soil.  No migration or exposure 
pathways exist that cannot by monitored adequately.

Ability to Obtain Approvals from Other 
Agencies

Approvals from other agencies would not be required to implement this alternative.

Coordination with Other Agencies Coordination with other agencies would not be required to implement this alternative.

Availability of Off-Site Treatment, Storage, and 
Disposal Services and Capacity

No off-site treatment, storage, and disposal would be required under this alternative.

Availability of Necessary Equipment and 
Specialists

No equipment or technical specialists would be required for this alternative.

Availability of Prospective Technologies No technologies are required for this alternative.

7. Cost

Capital Costs $185,000

Operations and Maintenance Costs $30,000/year

Present Worth Costs $600,000



TABLE 4-3A
ALTERNATIVE SS-3 (PERMEABLE COVER AND MONITORING WITH INSTITUTIONAL CONTROLS)

ACTION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements

Statement of Procedures on 
Wetlands Protection, 40 
CFR Part 6, App. A, Exec. 
Order 11990 (1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever possible, the 
long and short term impacts associated with the 
destruction of wetlands, and wetlands development 
wherever there is a practicable alternative in accordance 
with Executive Order 11990.  

Will be attained.  There is no practicable alternative 
method to work within a wetland buffer zone (i.e., 
installation of monitoring wells, excavation, and 
placement of cover materials) with less adverse impact.  
All practicable measures would be taken to minimize and 
mitigate any adverse impacts.   Erosion and 
sedimentation control measures would be adopted 
during construction and restoration activities.

Executive Order for 
Floodplain Management
Exec. Order 11988 (1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the risk of flood 
loss, minimize impact of floods, and restore and preserve 
the natural and beneficial values of floodplains.

Will be attained.  There is no practical alternative method 
to work in floodplains with less adverse impact and all 
practicable measures would be taken to minimize and 
mitigate any adverse impacts.  Erosion and 
sedimentation control measures would be adopted 
during construction and restoration activities.

RCRA Identification and 
Listing of Hazardous 
Wastes, 40 CFR 261.3

Applicable 
or Relevant 

and 
Appropriate

Criteria for determining if a waste or contaminated media 
is a hazardous waste subject to regulation. If a 
contaminated media exhibits the characteristics of a 
hazardous waste, RCRA hazardous waste regulations 
are applicable.   If a contaminated media is sufficiently 
similar to listed RCRA hazardous wastes, these 
regulations are relevant and appropriate.

EPA would assess the contaminated soils using this 
criterion to determine whether they should be managed 
as hazardous waste.

RCRA – Groundwater 
Monitoring (40 CFR 264, 
Subpart F)

Relevant 
and 

Appropriate 

This regulation details the requirements for groundwater 
monitoring and responding to releases from solid waste 
management units.

Groundwater monitoring would be required to evaluate 
the natural attenuation processes and contaminant 
migration.

RCRA Closure and Post-
Closure Requirements, 40 
CFR, Subpart G 

Relevant 
and 

Appropriate

If contaminated soil constitutes characteristic hazardous 
waste or are sufficiently similar to listed RCRA 
hazardous wastes, these regulations are relevant and 
appropriate.  Closure must be completed in a manner 
that minimizes the need for further maintenance, and 
controls, minimizes or eliminates, to the extent necessary 
to protect human health and the environment, post-
closure escape of  hazardous waste, hazardous 
constituents, leachate, contaminated run-off, or 
hazardous waste decomposition products to the ground 
or surface waters or to the atmosphere.

The imposition of institutional controls would prevent 
exposure with surface soils, and groundwater monitoring 
would ensure that there is no migration of contamination 
from the soil.



TABLE 4-3A (cont.)
ALTERNATIVE SS-3 (PERMEABLE COVER AND MONITORING WITH INSTITUTIONAL CONTROLS)
ACTION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 2

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

State 
Regulatory 
Requirements

Massachusetts Wetlands 
Protection Act and 
Regulations, 
MGL c. 131 § 40
310 CMR 10.00

Applicable Regulations restrict dredging, filling, altering, or polluting 
inland wetland resource areas and impose performance 
standards for work in such areas.  Protected resource 
areas include: 10.54 (Bank); 10.55 (Bordering 
Vegetated Wetlands); 10.56 (Land under Water); 10.57 
(Bordering Land subject to Flooding); and 10.58 
(Riverfront Area).

Will be attained.  There is no practicable alternative 
method that would be less damaging to resource areas
and all practical measures will be taken to minimize 
adverse impacts to wetlands.

Massachusetts Ambient Air 
Quality Standards (310 CMR 
6.0) and Massachusetts Air 
Pollution Control 
Regulations 
(310 CMR 7.00)

Applicable This regulation contains standards for fugitive emissions, 
dust, and particulates during construction.

The design specifications and required construction 
procedures would ensure that Alternative SS-3 complies
with this ARAR.



TABLE 4-3B
ALTERNATIVE SS-3 (PERMEABLE COVER AND MONITORING WITH INSTITUTIONAL CONTROLS)

LOCATION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements

Executive Order for 
Floodplain Management
Exec. Order 11988 (1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the risk of 
flood loss, minimize impact of floods, and restore 
and preserve the natural and beneficial values of 
floodplains.

Will be attained.  There is no practical alternative 
method to work in floodplains (i.e., installation of 
monitoring wells, excavation, and placement of 
cover materials) with less adverse impact.  All
practicable measures would be taken to minimize 
and mitigate any adverse impacts.  Erosion and 
sedimentation control measures would be 
adopted during construction and restoration 
activities.

Statement of Procedures on 
Wetlands Protection ,40 CFR 
Part 6, App. A, Exec. Order 
11990 (1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever possible, 
the long and short term impacts associated with
the destruction of wetlands, and wetlands 
development wherever there is a practicable 
alternative in accordance with Executive Order 
11990.  

Will be attained.  There is no practicable 
alternative method to work within a wetland buffer 
zone with less adverse impact.  All practicable 
measures would be taken to minimize and 
mitigate any adverse impacts.   Erosion and 
sedimentation control measures would be 
adopted during construction and restoration 
activities.

State Regulatory 
Requirements

Massachusetts  -Hazardous 
Waste Regulation (310 CMR 
30.000)

Applicable Requirements for transport and long-term storage 
of RCRA hazardous waste in containers and tank 
systems

Alternative SS-3 would comply with this ARAR. 
Surplus excavated soils removed in order to 
accommodate the cover construction materials 
would be analyzed and managed onsite in 
accordance with this ARAR if off-site disposal is 
required.

Massachusetts Solid Waste 
Management Regulations 
(310 CMR 19.00)

Relevant and 
Appropriate

These regulations establish the requirements for 
solid waste facilities located within the 
Commonwealth of Massachusetts. 

The design specifications and required 
construction procedures would ensure that SS-3 
will comply with this ARAR.



TABLE 4-3C
ALTERNATIVE SS-3 (PERMEABLE COVER AND MONITORING WITH INSTITUTIONAL CONTROLS)

CHEMICAL-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF           Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

State Regulatory 
Requirements

Massachusetts 
Contingency Plan (MCP –
310 CMR 40.000)

To Be Considered The MCP has established a set of risk-based 
threshold concentrations (UCLs) that must be 
attained in order to achieve a condition of no 
significant risk for groundwater or soil within a 
particular groundwater classification area.

UCLs were used to compare the risk-based 
PRGs developed for this Site.  The PRGs are 
below the UCLs.

Criteria, 
Advisories, and 
Guidance

Cancer Slope Factors 
(CSFs)

To Be Considered Guidance values used to evaluate the potential 
carcinogenic risk caused by exposure to 
contaminants. 

CSFs were used to evaluate health risks 
associated with site-related contaminants.

Reference Doses (RfDs) To Be Considered Guidance values used to evaluate the potential non-
carcinogenic hazard caused by exposure to 
contaminants.  

RfDs were used to evaluate health risks 
associated with site-related contaminants.

EPA Health Advisories, 
Human Health Risk 
Assessment Guidance, and 
Ecological Risk 
Assessment Guidance

To Be Considered These advisories and guidance documents provide 
guidance for developing health risk information and 
environmental assessments at Superfund sites.

Risk guidance documents were used to 
evaluate human health and ecological risks 
associated with site-related contaminants and 
to develop PRGs.



TABLE 4-3D
DETAILED ANALYSIS OF ALTERNATIVE SS-3

PERMEABLE COVER AND MONITORING WITH INSTITUTIONAL CONTROLS –
MISHAWUM LAKE BED SURFACE SOIL

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc

EVALUATION CRITERIA DETAILED ANALYSIS

1. Overall Protection of Human Health and the Environment

Human Health Protection

The results of the baseline human health risk assessment indicate that there is unacceptable potential risk to human health 
resulting from future exposures to arsenic in surface soil within the former Mishawum Lake bed.  This alternative would 
prevent future direct contact with contaminated surface soils by containing them below a permeable cover that supplements 
the existing impermeable surface (asphalt) that covers much of the former lake bed (see Figure 2-3a).  
In areas that are currently vegetated, and where potential human health risks were identified due to future exposures to 
surface, permeable caps would be installed.  The construction of permeable caps would be preceded by the excavation of 
approximately 1.5 feet of contaminated soil, which would be transported to an off-site landfill for disposal.  A geotextile would 
be placed and covered with 1.5 feet of clean soil to form the permeable cover.  Institutional controls such as deed restrictions 
and local ordinances will placed on both the permeable caps and asphalt surfaces within the human health risk areas to 
restrict future on-site activities that would create exposures to contaminated soil.

Environmental Protection

The results of the baseline ecological risk assessment did not identify unacceptable risks to ecological receptors from 
exposure to surface soil within the former Mishawum Lake bed.  Therefore, despite the fact that no actions would be taken 
under this alternative to reduce ecological risks, no unacceptable ecological risks would result from the implementation of this 
alternative.

2. Compliance with ARARs

Chemical-Specific ARARs There were no chemical-specific ARARs identified for soil.

Location-Specific ARARs This alternative would comply with the pertinent location-specific ARARs listed in Table 4-3B.

Action-Specific ARARs This alternative would comply with the pertinent action-specific ARARs listed in Table 4-3A.

Other Criteria, Advisories, and Guidance This alternative would comply with the PRGs for surface soil that were established based on human health risk assessment 
guidance.

3. Long-Term Effectiveness and Permanence

Magnitude of Residual Risk

The magnitude of residual risk that would result from the implementation of this alternative would be low since all of the areas 
where contaminated surface soil was determined to present future human health risks are/would be covered by existing 
impermeable surfaces (asphalt) or newly created permeable covers consisting of 1.5 feet of clean soil.  Restrictions will be 
placed on future on-site activities to prevent potential future exposures to contaminated surface soil.
Since contamination would remain on-site above levels that allow for unlimited use and unrestricted exposure to surface soils, 
five-year reviews would be required to periodically evaluate risks associated with on-site contamination.



TABLE 4-3D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE SS-3
PERMEABLE COVER AND MONITORING WITH INSTITUTIONAL CONTROLS –
MISHAWUM LAKE BED SURFACE SOIL
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 4

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

3. Long-Term Effectiveness and Permanence (cont.)

Adequacy and Reliability of Controls

The technology that would be used under this alternative could easily and reliably meet the performance specifications that 
would be required.  Long-term maintenance and monitoring would be required to ensure that the condition of asphalt surfaces 
and permeable covers remains adequate to protect human health.  Long-term monitoring would likely consist of periodic 
inspections for evidence of erosion, disturbance of the cover, or asphalt deterioration.
Some level of repairs would be necessary when erosion or damage of cap/cover materials is extensive enough to create a 
potential risk of exposure to underlying soils.  Replacement or repair of asphalt or permeable cap material would involve 
routine maintenance activities that could be easily implemented.
Institutional controls that would be relied upon to protect the integrity of the asphalt cap/permeable cover that would be 
constructed and maintained under this alternative would be reliable to the extent that such controls could be enforced.

4. Reduction of Toxicity, Mobility, and Volume Through Treatment

Treatment Process Used and Materials 
Treated This alternative does not employ a treatment process.

Amount of Hazardous Materials Destroyed or 
Treated No hazardous materials would be destroyed or treated under this alternative.

Degree of Expected Reductions in Toxicity, 
Mobility, and Volume

There would be no reduction in the toxicity, mobility, and volume of contaminants under this alternative beyond that which 
would occur naturally due to subsurface geochemical activity.

Degree to Which Treatment is Irreversible No treatment would be employed under this alternative.

Type and Quantity of Residuals Remaining 
After Treatment No treatment would be employed under this alternative.

5. Short-Term Effectiveness

Protection of Community During Remedial 
Actions

Impacts to the community during construction of permeable covers would be minimal.  Areas where excavation would be 
conducted to remove surface soils prior to placement of the cover would be periodically sprayed with water to prevent fugitive 
dust emissions.  Perimeter air and dust monitoring would be conducted to verify the effectiveness of dust and air pollution 
control measures.
A traffic control plan would be developed to minimize impacts to local traffic flow patterns in the construction areas and to 
address the increased truck traffic in the area that might result from construction.  Trucks and other heavy equipment will be 
decontaminated before leaving work areas to prevent the spread of contaminants onto public or private roadways.
There would be no short-term risks associated with the implementation of this alternative that could not be readily controlled 
using some type of engineering control.



TABLE 4-3D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE SS-3
PERMEABLE COVER AND MONITORING WITH INSTITUTIONAL CONTROLS –
MISHAWUM LAKE BED SURFACE SOIL
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 3 OF 4

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

5. Short-Term Effectiveness (cont.)

Protection of Workers During Remedial 
Actions

Impacts to workers during remedial actions would be minimal.  Construction activities that would occur under this alternative 
would be completed in accordance with all required health and safety regulations and procedures.  Air monitoring and 
engineering controls will be utilized to assess and minimize exposure to contaminants by workers.  The appropriate personal 
protective equipment would be worn during implementation, and decontamination procedures would be utilized to prevent the 
spread of contaminants.
There would be no short-term risks to workers associated with the implementation of this alternative that could not be readily 
controlled using some type of engineering control.

Environmental Impacts No adverse impacts to the environment would result from the implementation of this alternative.

Time Until Remedial Action Objectives are 
Achieved

The estimated duration of construction activities that would occur under this alternative is 3 months, after which time the 
remedial action objectives for soil will have been achieved (assuming that institutional controls are in place by the time that
construction of the cover is completed).

6. Implementability

Ability to Construct and Operate the 
Technology

No construction difficulties or uncertainties would be encountered under this alternative.  All activities that are part of the 
alternative involve conventional construction techniques and equipment.

Reliability of the Technology Technical problems that might delay the construction schedule are unlikely, since the alternative utilizes conventional and well-
developed construction techniques to achieve remediation goals.

Ease of Undertaking Additional Remedial 
Actions, if Necessary

No future remedial actions would be anticipated after the implementation of this remedial alternative.  If additional remedial 
actions were required to address contaminated soil located beneath the cover, the presence of the geotextile and 1.5 feet of 
clean soil may complicate remedial efforts if they involve soil removal or some other process that necessitates direct contact 
with underlying soil.

Ability to Monitor Effectiveness of Remedy No migration or exposure pathways exist that cannot be monitored adequately.

Ability to Obtain Approvals from Other 
Agencies Approvals from other agencies would not be required to implement this alternative.

Coordination with Other Agencies Coordination with other agencies would not be required to implement this alternative.

Availability of Off-Site Treatment, Storage, and 
Disposal Services and Capacity

Capacity for the off-site disposal of contaminated soil that would be required under this alternative would be readily available 
from several facilities.

Availability of Necessary Equipment and 
Specialists

Equipment and technical specialists required for the design and implementation of this alternative would be available.  This 
alternative would use conventional construction techniques.



TABLE 4-3D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE SS-3
PERMEABLE COVER AND MONITORING WITH INSTITUTIONAL CONTROLS –
MISHAWUM LAKE BED SURFACE SOIL
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 4 OF 4

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

6. Implementability (cont.)

Availability of Prospective Technologies All technologies are well-developed and readily available.

7. Cost

Capital Costs $5,329,000

Operations and Maintenance Costs $48,000/year

Present Worth Costs $5,992,000



TABLE 4-4A
ALTERNATIVE SS-4 (EXCAVATION AND OFF-SITE DISPOSAL) - ACTION-SPECIFIC ARARs

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

Federal 
Regulatory 
Requirements

Statement of 
Procedures on 
Wetlands Protection,
40 CFR Part 6, App. A, 
Exec. Order 11990 
(1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever possible, the long 
and short term impacts associated with the destruction of 
wetlands, and wetlands development wherever there is a 
practicable alternative in accordance with Executive Order 
11990.  

Will be attained.  There is no practicable alternative 
method to work within a wetland buffer zone with less 
adverse impact.  All practicable measures would be 
taken to minimize and mitigate any adverse impacts.   
Erosion and sedimentation control measures would be 
adopted during construction and restoration activities.

Executive Order for 
Floodplain Management
Exec. Order 11988 
(1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the risk of flood 
loss, minimize impact of floods, and restore and preserve 
the natural and beneficial values of floodplains.

Will be attained.  There is no practical alternative method 
to work in floodplains with less adverse impact. All 
practicable measures would be taken to minimize and 
mitigate any adverse impacts.  Erosion and 
sedimentation control measures would be adopted 
during construction and restoration activities.

RCRA Identification and 
Listing of Hazardous 
Wastes, 40 CFR 261.3

Applicable or 
Relevant and 
Appropriate

Criteria for determining if a waste or contaminated media is 
a hazardous waste subject to regulation. If a contaminated 
media exhibits the characteristics of a hazardous waste, 
RCRA hazardous waste regulations are applicable.   If a 
contaminated media is sufficiently similar to listed RCRA 
hazardous wastes, these regulations are relevant and 
appropriate.

EPA will assess the contaminated soils using this criteria 
to determine whether they should be managed as 
hazardous waste.

State 
Regulatory 
Requirements

Massachusetts 
Wetlands Protection Act 
and Regulations, MGL 
c. 131 § 40
310 CMR 10.00

Applicable Regulations restrict dredging, filling, altering, or polluting 
inland wetland resource areas and impose performance 
standards for work in such areas.  Protected resource 
areas include: 10.54 (Bank); 10.55 (Bordering Vegetated 
Wetlands); 10.56 (Land under Water); 10.57 (Bordering 
Land subject to Flooding); and 10.58 (Riverfront Area).

Will be attained because there is no practicable 
alternative method that would be less damaging to 
resource areas. All practical measures would be taken to 
minimize adverse impacts on wetlands.



TABLE 4-4B
ALTERNATIVE SS-4 (EXCAVATION AND OFF-SITE DISPOSAL)

LOCATION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

Federal 
Regulatory 
Requirements

Statement of 
Procedures on Wetlands 
Protection, 40 CFR Part 
6, App. A, Exec. Order 
11990 (1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever possible, 
the long and short term impacts associated with 
the destruction of wetlands, and wetlands 
development wherever there is a practicable 
alternative in accordance with Executive Order 
11990.  

Will be attained.  There is no practicable alternative method to 
work within a wetland buffer zone with less adverse impact.  
All practicable measures would be taken to minimize and 
mitigate any adverse impacts.   Erosion and sedimentation 
control measures would be adopted during construction and 
restoration activities.

Executive Order for 
Floodplain Management
Exec. Order 11988 
(1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the risk 
of flood loss, minimize impact of floods, and 
restore and preserve the natural and beneficial 
values of floodplains.

Will be attained.  There is no practical alternative method to 
work in floodplains with less adverse impact.  All practicable 
measures would be taken to minimize and mitigate any 
adverse impacts.  Erosion and sedimentation control 
measures would be adopted during construction and 
restoration activities.

State Regulatory 
Requirements

Massachusetts 
Wetlands Protection Act 
and Regulations, MGL c. 
131 § 40
310 CMR 10.00

Applicable Regulations restrict dredging, filling, altering, or 
polluting inland wetland resource areas and 
impose performance standards for work in such 
areas.  Protected resource areas include: 10.54 
(Bank); 10.55 (Bordering Vegetated Wetlands); 
10.56 (Land under Water); 10.57 (Bordering 
Land subject to Flooding); and 10.58 (Riverfront 
Area).

Will be attained because there is no practicable alternative 
method that would be less damaging to resource areas.  All 
practical measures would be taken to minimize adverse 
impacts to wetlands.



TABLE 4-4C
ALTERNATIVE SS-4 (EXCAVATION AND OFF-SITE DISPOSAL)

CHEMICAL-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF           Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

State Regulatory 
Requirements

Massachusetts Ambient Air 
Quality Standards (310 CMR 
6.0) and Massachusetts Air 
Pollution Control Regulations 
(310 CMR 7.00)

Applicable This regulation also contains standards for fugitive 
emissions, dust, and particulates during construction.

The design specifications and required 
construction procedures would ensure that 
Alternative SS-4 will comply with this ARAR to 
minimize fugitive dust and particulate 
emissions during construction.

Cancer Slope Factors (CSFs) To Be 
Considered

Guidance values used to evaluate the potential 
carcinogenic risk caused by exposure to contaminants.

CSFs were used to evaluate health risks 
associated with site-related contaminants.

Criteria, 
Advisories, and 
Guidance Reference Doses (RfDs) To Be 

Considered
Guidance values used to evaluate the potential non-
carcinogenic hazard caused by exposure to 
contaminants.  

RfDs were used to evaluate health risks 
associated with site-related contaminants.

Massachusetts Contingency 
Plan (MCP – 310 CMR 
40.000)

To Be 
Considered

The MCP has established a set of risk-based threshold 
concentrations (UCLs) that must be attained in order to 
achieve a condition of no significant risk for 
groundwater or soil within a particular groundwater 
classification area.

UCLs were used to compare the risk-based 
PRGs developed for this Site.  The PRGs are 
below the UCLs.

EPA Health Advisories, 
Human Health Risk 
Assessment Guidance, and 
Ecological Risk Assessment 
Guidance

To Be 
Considered

These advisories and guidance documents provide 
guidance for developing health risk information and 
environmental assessments at Superfund sites.

Risk guidance documents were used to 
evaluate human health and ecological risks 
associated with site-related contaminants and 
to develop PRGs.



TABLE 4-4D
DETAILED ANALYSIS OF ALTERNATIVE SS-4

EXCAVATION AND OFF-SITE DISPOSAL – MISHAWUM LAKE BED SURFACE SOIL
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

1. Overall Protection of Human Health and the Environment

Human Health Protection

The results of the baseline human health risk assessment indicate that there is unacceptable potential risk to human health 
resulting from future exposures to arsenic in surface soil within the former Mishawum Lake bed.  This alternative would protect 
human health by removing all soil that contains concentrations of arsenic that exceed the human health-based remediation 
goals and replacing it with clean soil that does not present a potential human health risk.

Environmental Protection
The results of the baseline ecological risk assessment did not identify unacceptable risks to ecological receptors from 
exposure to surface soil within the former Mishawum Lake bed.  Therefore, no unacceptable ecological risks would result from 
the implementation of this alternative.

2. Compliance with ARARs

Chemical-Specific ARARs This alternative would comply with all of the pertinent chemical-specific ARARs that are identified on Table 4-4C.

Location-Specific ARARs This alternative would comply with all of the pertinent location-specific ARARs that are identified on Table 4-4B.

Action-Specific ARARs This alternative would comply with all of the pertinent action-specific ARARs that are identified on Table 4-4A.

Other Criteria, Advisories, and Guidance This alternative will comply with the PRGs for surface soil that were established based on human health risk assessment 
guidance.

3. Long-Term Effectiveness and Permanence

Magnitude of Residual Risk

No residual risk from surface soil within the former Mishawum Lake bed would be present after implementation of this 
alternative, since all surface soil with concentrations of arsenic exceeding human health-based remediation goals would be 
removed from the site and replaced with clean soil.  No remaining sources of risk would be present in surface soils at the site.  
Since contamination would not remain in surface soil above levels allow for unlimited use and unrestricted exposure, no five-
year reviews would be required to evaluate risks in surface soil. 

Adequacy and Reliability of Controls

The excavation of contaminated surface soil from the former Mishawum Lake bed would include the collection of confirmatory 
soil samples from excavated areas to confirm that all remediation goals for surface soil are met.  This type of contaminated 
soil removal is very reliable and would be expected to achieve the remedial action’s performance specification with a high 
degree of certainty.  
No long-term management, monitoring, or operations and maintenance would be required for surface soil under this 
alternative since all contaminants in surface soil that exceed risk-based remediation goals would be removed from the site. 
This alternative would not rely on technical components to control future risks.
No uncertainties would be associated with the disposal of untreated wastes that would occur under this alternative.  Disposal 
would be at a licensed landfill that is permitted to receive wastes with the chemical constituents that are present in site soils.
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EVALUATION CRITERIA DETAILED ANALYSIS

4. Reduction of Toxicity, Mobility, and Volume Through Treatment

Treatment Process Used and Materials 
Treated This alternative does not employ a treatment process.

Amount of Hazardous Materials Destroyed or 
Treated No hazardous materials would be destroyed or treated under this alternative.

Degree of Expected Reductions in Toxicity, 
Mobility, and Volume There would be no reduction in the toxicity, mobility, and volume of contaminants through treatment under this alternative.

Degree to Which Treatment is Irreversible No treatment would be employed under this alternative.

Type and Quantity of Residuals Remaining 
After Treatment No treatment would be employed under this alternative.

5. Short-Term Effectiveness

Protection of Community During Remedial 
Actions

Impacts to the community during implementation of this alternative would be significant.  Excavation of surface soil throughout 
the surface soil contamination area (approximately 500,000 square feet) would cause considerable disruption to the ongoing 
activities on the impacted properties.  Traffic control plans and phased implementation strategies would need to be developed 
in order to minimize impacts to local traffic flow patterns and business operations in the excavation areas.  The design of these 
measures would be challenging.
The community would not be impacted by environmental contaminants from the implementation of this alternative.  
Engineering controls would be used to prevent community exposure to airborne contaminants during excavation and 
transportation of contaminated soil.  Trucks and other excavation equipment will be decontaminated before leaving work areas 
to prevent the spread of contaminants onto public or private roadways.

Protection of Workers During Remedial 
Actions

Impacts to workers during remedial actions would be minimal.  Excavation and construction activities that would occur under 
this alternative would be completed in accordance with all required health and safety regulations and procedures.  Air 
monitoring and engineering controls will be utilized to assess and minimize exposure to contaminants by workers.  The 
appropriate personal protective equipment will be worn during implementation, and decontamination procedures would be 
utilized to prevent the spread of contaminants.
There would be no short-term risks to workers associated with the implementation of this alternative that could not be readily 
controlled using some type of engineering control.

Environmental Impacts This alternative would involve moderate impacts to the environment since excavation would be performed in the 100-year 
floodplain (adjacent to the Halls Brook Holding Area).
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EVALUATION CRITERIA DETAILED ANALYSIS

5. Short-Term Effectiveness (cont.)

Time Until Remedial Action Objectives are 
Achieved

The estimated duration of the construction activities that would be performed under this alternative would be approximately 11 
months.  After this period of time, all threats associated with surface soil at the site would be addressed and all remedial action 
objectives pertaining to surface soil will have been achieved.

6. Implementability

Ability to Construct and Operate the 
Technology

Excavation and off-site disposal of surface soil (0 to 3 feet below ground surface) in the area shown on Figure 2-3a would be 
technically implementable from a construction standpoint.  Operationally, some difficulty may be encountered in the 
coordination of construction activities with the existing use of the properties that would be excavated.  Soil excavation would 
need to be phased in order to permit use of the developed portions of the work area during implementation.

Reliability of the Technology Excavation is a commonly utilized construction technique/process that is very reliable.  It is very unlikely that a technical 
problem would lead to schedule delays.

Ease of Undertaking Additional Remedial 
Actions, if Necessary

It is unlikely that future additional remedial actions would be necessary since excavation with confirmatory soil sampling would 
ensure that all contaminated surface soil is removed from the site.  If future remedial actions were deemed necessary, the 
performance of this alternative would not have any impact on the future implementation of additional actions.

Ability to Monitor Effectiveness of Remedy

The effectiveness of this alternative would be monitored during excavation through the use of excavation bottom and sidewall 
samples to confirm that no soil remains at the site with concentrations of arsenic that might constitute a future human health 
risk.  No soil monitoring would be necessary after completion of the remedy and no potential migration or exposure pathways 
would need to be monitored.

Ability to Obtain Approvals from Other 
Agencies Approvals from other agencies would not be required to implement this alternative.

Coordination with Other Agencies Coordination with other agencies would not be required to implement this alternative.

Availability of Off-Site Treatment, Storage, and 
Disposal Services and Capacity

Several off-site disposal facilities would be available to handle the anticipated volume of soil that would be excavated and 
transported for off-site disposal under this alternative.

Availability of Necessary Equipment and 
Specialists

This alternative uses conventional construction equipment to accomplish soil removal.  Equipment, and skilled labor required 
to perform the alternative would be readily available from several sources.

Availability of Prospective Technologies Excavation and off-site disposal of contaminated soil is a commonly used remedial option that is proven and reliable.  
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7. Cost

Capital Costs $47,172,000

Operations and Maintenance Costs $0

Present Worth Costs $47,172,000



TABLE 4-5A
ALTERNATIVE SS-5 (EXCAVATION, TREATMENT, AND ON-SITE REUSE)

ACTION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements

Statement of Procedures 
on Wetlands Protection,
40 CFR Part 6, App. A, 
Exec. Order 11990 
(1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever possible, the long 
and short term impacts associated with the destruction of 
wetlands, and wetlands development wherever there is a 
practicable alternative in accordance with Executive Order 
11990.  

Will be attained.  There is no practicable alternative 
method to work within a wetland buffer zone with 
less adverse impact.  All practicable measures 
would be taken to minimize and mitigate any 
adverse impacts.   Erosion and sedimentation 
control measures would be adopted during
construction and restoration activities.

Executive Order for 
Floodplain Management
Exec. Order 11988 
(1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the risk of flood 
loss, minimize impact of floods, and restore and preserve 
the natural and beneficial values of floodplains.

Will be attained.  There is no practical alternative 
method to work in floodplains with less adverse 
impact.  All practicable measures will be taken to 
minimize and mitigate any adverse impacts.  
Erosion and sedimentation control measures would
be adopted during construction and restoration 
activities.

RCRA Identification and 
Listing of Hazardous 
Wastes, 40 CFR 261.3

Applicable or 
Relevant and 
Appropriate

Criteria for determining if a waste or contaminated media is 
a hazardous waste subject to regulation. If a contaminated 
media exhibits the characteristics of a hazardous waste, 
RCRA hazardous waste regulations are applicable.   If a 
contaminated media is sufficiently similar to listed RCRA 
hazardous wastes, these regulations are relevant and 
appropriate.

EPA will assess the contaminated soils using this
criteria to determine whether they should be 
managed as hazardous waste.

State 
Regulatory 
Requirements

Massachusetts Wetlands 
Protection Act and 
Regulations, MGL c. 131 
§ 40
310 CMR 10.00

Applicable Regulations restrict dredging, filling, altering, or polluting 
inland wetland resource areas and impose performance 
standards for work in such areas.  Protected resource 
areas include: 10.54 (Bank); 10.55 (Bordering Vegetated 
Wetlands); 10.56 (Land under Water); 10.57 (Bordering 
Land subject to Flooding); and 10.58 (Riverfront Area).

Will be attained because there is no practicable 
alternative method that would be less damaging to 
resource areas.  All practical measures would be 
taken to minimize adverse impacts on wetlands.



TABLE 4-5B
ALTERNATIVE SS-5 (EXCAVATION, TREATMENT, AND ON-SITE REUSE)

LOCATION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements

Statement of Procedures on 
Wetlands Protection, 40 CFR 
Part 6, App. A, 
Exec. Order 11990 (1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever possible, 
the long and short term impacts associated with 
the destruction of wetlands, and wetlands 
development wherever there is a practicable 
alternative in accordance with Executive Order 
11990.  

Will be attained.  There is no practicable alternative 
method to work within a wetland buffer zone with less 
adverse impact.  All practicable measures would be 
taken to minimize and mitigate any adverse impacts. 
Erosion and sedimentation control measures would be 
adopted during construction and restoration activities.

Executive Order for 
Floodplain Management
Exec. Order 11988 (1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the risk of 
flood loss, minimize impact of floods, and restore 
and preserve the natural and beneficial values of 
floodplains.

Will be attained.  There is no practical alternative
method to work in floodplains with less adverse impact. 
 All practicable measures would be taken to minimize 
and mitigate any adverse impacts.  Erosion and 
sedimentation control measures would be adopted 
during construction and restoration activities.

State Regulatory 
Requirements

Massachusetts Wetlands 
Protection Act and 
Regulations, 
MGL c. 131 § 40
310 CMR 10.00

Applicable Regulations restrict dredging, filling, altering, or 
polluting inland wetland resource areas and 
impose performance standards for work in such 
areas.  Protected resource areas include: 10.54 
(Bank); 10.55 (Bordering Vegetated Wetlands); 
10.56 (Land under Water); 10.57 (Bordering Land 
subject to Flooding); and 10.58 (Riverfront Area).

Will be attained.  There is no practicable alternative 
method to work within a wetland buffer zone with less 
adverse impact.  All practicable measures would be 
taken to minimize and mitigate any adverse impacts. 
Erosion and sedimentation control measures would be 
adopted during construction and restoration activities.



TABLE 4-5C
ALTERNATIVE SS-5 (EXCAVATION, TREATMENT AND ON-SITE REUSE)

CHEMICAL-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

State Regulatory 
Requirements

Massachusetts Ambient Air 
Quality Standards (310 CMR 
6.0) and Massachusetts Air 
Pollution Control Regulations 
(310 CMR 7.00)

Applicable This regulation also contains standards for fugitive 
emissions, dust, and particulates during construction.

The design specifications and required 
construction procedures would ensure that 
Alternative SS-5 will comply with this ARAR to 
minimize fugitive dust and particulate emissions 
during construction.

Massachusetts Contingency 
Plan (MCP – 310 CMR 
40.000)

To Be 
Considered

The MCP has established a set of risk-based threshold 
concentrations (UCLs) that must be attained in order to 
achieve a condition of no significant risk for 
groundwater or soil within a particular groundwater 
classification area.

UCLs were used to compare the risk-based 
PRGs developed for this Site.  The PRGs are 
below the UCLs.

Cancer Slope Factors (CSFs) To Be 
Considered

Guidance values used to evaluate the potential 
carcinogenic risk caused by exposure to contaminants. 

CSFs were used to evaluate health risks 
associated with site-related contaminants.

Criteria, 
Advisories, and 
Guidance

Reference Doses (RfDs) To Be 
Considered

Guidance values used to evaluate the potential non-
carcinogenic hazard caused by exposure to 
contaminants.  

RfDs were used to evaluate health risks 
associated with site-related contaminants.

EPA Health Advisories, 
Human Health Risk 
Assessment Guidance, and 
Ecological Risk Assessment 
Guidance

To Be 
Considered

These advisories and guidance documents provide 
guidance for developing health risk information and 
environmental assessments at Superfund sites.

Risk guidance documents were used to evaluate 
human health and ecological risks associated 
with site-related contaminants and to develop 
PRGs.



TABLE 4-5D
DETAILED ANALYSIS OF ALTERNATIVE SS-5

EXCAVATION, TREATMENT, AND ON-SITE REUSE – FORMER MISHAWUM LAKE BED SURFACE SOIL
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

1. Overall Protection of Human Health and the Environment

Human Health Protection

The results of the baseline human health risk assessment indicate that there is unacceptable potential risk to human health 
resulting from future exposures to arsenic in surface soil within the former Mishawum Lake bed.  This alternative would protect 
human health by removing all surface soil that contains concentrations of arsenic that exceed the human health-based 
remediation goals, treating soil to remove contaminants, and backfilling excavations with treated soil that does not pose a 
potential human health risk.

Environmental Protection
The results of the baseline ecological risk assessment did not identify unacceptable risks to ecological receptors from 
exposure to surface soil within the former Mishawum Lake bed.  Therefore, no unacceptable ecological risks would result from 
the implementation of this alternative.

2. Compliance with ARARs

Chemical-Specific ARARs This alternative would comply with all of the pertinent chemical-specific ARARs that are identified on Table 4-5C.

Location-Specific ARARs This alternative would comply with all of the pertinent location-specific ARARs that are identified on Table 4-5B.

Action-Specific ARARs This alternative would comply with all of the pertinent action-specific ARARs that are identified on Table 4-5A.

Other Criteria, Advisories, and Guidance This alternative would comply with the PRGs established for surface soil that were based on human health risk assessment 
guidance.

3. Long-Term Effectiveness and Permanence

Magnitude of Residual Risk

No residual risk from surface soil within the former Mishawum Lake bed would be present after implementation of this 
alternative, since all surface soil with concentrations of arsenic exceeding human health-based remediation goals would be 
treated to remove arsenic so that it would no longer be accessible to human receptors.  No remaining sources of risk would be 
present in soils at the site.  Since contamination would not remain in soil above levels allow for unlimited use and unrestricted 
exposure, no five-year reviews would be required to evaluate risks in soil. 

Adequacy and Reliability of Controls

The excavation of contaminated soil from the former Mishawum Lake bed (that would be required in order to perform ex-situ 
treatment of soil) would include the collection of confirmatory soil samples from excavated areas to confirm that all remediation 
goals for surface soil are met.  This type of contaminated soil removal is very reliable and would be expected to achieve the 
remedial action’s performance specification with a high degree of certainty.  Treated soil would also be sampled at regular 
intervals prior to backfilling to ensure that remediation goals are achieved.  

4. Reduction of Toxicity, Mobility, and Volume Through Treatment

Treatment Process Used and Materials 
Treated

Acid extraction would remove arsenic from soil, which is the principal threat that contributes to unacceptable human health 
risks that were calculated for surface soil.  



TABLE 4-5D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE SS-5
EXCAVATION, TREATMENT, AND ON-SITE REUSE – FORMER MISHAWUM LAKE BED SURFACE SOIL
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 4

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

4. Reduction of Toxicity, Mobility, and Volume Through Treatment (cont.)

Amount of Hazardous Materials Destroyed or 
Treated

Ex-situ treatment will not destroy contaminants.  Contaminants will be removed from soil and transferred to the extraction 
solution, which would need to be treated or disposed of.  The entire volume of excavated material (approximately 65,000 CY) 
would be treated under this alternative.

Degree of Expected Reductions in Toxicity, 
Mobility, and Volume

The toxicity, mobility, and volume of arsenic would be reduced to levels below the remediation goal for arsenic (51 mg/kg 
arsenic).

Degree to Which Treatment is Irreversible The treatment process would be irreversible.  Contaminants would be separated from soil and transferred to the extraction 
fluid.

Type and Quantity of Residuals Remaining 
After Treatment

There would be no risks associated with treatment residuals from the treatment process.  Contaminated aqueous material into 
which arsenic would be transferred would be transported to a treatment/disposal facility that is licensed to handle the material.

5. Short-Term Effectiveness

Protection of Community During Remedial 
Actions

Impacts to the community during implementation of this alternative would be similar to those described for Alternative SS-4 
(Table 4-4D), since excavation would occur in the same areas to the same depth as was specified for that alternative.  The 
only additional process involved in Alternative SS-5 is the treatment process, which would be operated in a manner that 
utilized engineering controls to prevent adverse impacts to the community.
There would be no short-term risks associated with the implementation of this alternative that could not be readily controlled 
using some type of engineering control, beyond those impacts potentially associated with a large-scale excavation project 
within an area that supports active businesses. 

Protection of Workers During Remedial 
Actions

Impacts to workers during remedial actions would be minimal.  Excavation, construction, and on-site treatment activities that 
would occur under this alternative would be completed in accordance with all required health and safety regulations and 
procedures.  Air monitoring and engineering controls will be utilized to assess and minimize exposure to contaminants by 
workers.  The appropriate personal protective equipment will be worn during implementation, and decontamination procedures 
would be utilized to prevent the spread of contaminants.
There would be no short-term risks to workers associated with the implementation of this alternative that could not be readily 
controlled using some type of engineering control.

Environmental Impacts No adverse impacts to the environment would result from the implementation of this alternative.

Time Until Remedial Action Objectives are 
Achieved

The estimated duration of the construction and treatment activities that would be performed under this alternative would be 14 
months.  After this period of time, all threats associated with soil at the site would be addressed and all remedial action 
objectives pertaining to surface soil will have been achieved.



TABLE 4-5D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE SS-5
EXCAVATION, TREATMENT, AND ON-SITE REUSE – FORMER MISHAWUM LAKE BED SURFACE SOIL
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 3 OF 4

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

6. Implementability

Ability to Construct and Operate the 
Technology

In order to perform ex-situ treatment on arsenic-contaminated soils, these soils must be removed from the subsurface.  The 
ability to excavate contaminated soil from the contaminated areas within the former lake bed (Figure 2-3a) would be as 
described on Table 4-4D for Alternative SS-4.
Ex-situ acid extraction has been used to treat arsenic-contaminated soil in at least four full-scale applications at Superfund 
sites.  Uncertainties that would be encountered for the treatment process would include the ability of the treatment process to 
meet remediation goals for all soils that are treated.  A treatability study would be performed to verify that the process could 
meet this goal.

Reliability of the Technology

Excavation is a commonly utilized construction technique/process that is very reliable.  It is very unlikely that a technical 
problem associated with soil removal or backfilling would lead to schedule delays.
The construction and operation of an on-site treatment facility to treat arsenic-contaminated soil could present the possibility of 
technical difficulties that lead to schedule delays, since full-scale systems of this type have only been used in a limited number 
of applications.

Ease of Undertaking Additional Remedial 
Actions, if Necessary

It is unlikely that future additional remedial actions would be necessary since excavation with confirmatory soil sampling would 
ensure that all contaminated surface soil is removed from the site, and treatment of soil would permanently remove 
contaminants from soil.  
If future remedial actions were deemed necessary, the performance of this alternative would not have any impact on the future 
implementation of additional actions.

Ability to Monitor Effectiveness of Remedy

The effectiveness of this alternative would be monitored during excavation through the use of excavation bottom and sidewall 
samples to confirm that no surface soil remains at the site with concentrations of arsenic that might constitute a human health 
risk.  
No soil monitoring would be necessary after completion of the remedy since arsenic would be permanently removed from 
excavated soil, and no potential migration or exposure pathways would need to be monitored.

Ability to Obtain Approvals from Other 
Agencies Approvals from other agencies would not be required to implement this remedy.

Coordination with Other Agencies Coordination with other agencies would not be required to implement this remedy.

Availability of Off-Site Treatment, Storage, and 
Disposal Services and Capacity

Adequate capacity would be available for off-site disposal of arsenic-contaminated material (liquid or solid) that might be 
required to implement this alternative.

Availability of Necessary Equipment and 
Specialists

This alternative uses conventional construction equipment to accomplish soil removal prior to ex-situ treatment.  The 
equipment and skilled labor required to perform excavation would be readily available from several sources.
The availability of equipment and specialists to perform acid extraction could be limited since the technology is still relatively 
uncommon.  At least two vendors would be available to provide acid extraction treatment services to remove arsenic from soil.



TABLE 4-5D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE SS-5
EXCAVATION, TREATMENT, AND ON-SITE REUSE – FORMER MISHAWUM LAKE BED SURFACE SOIL
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 4 OF 4

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

6. Implementability (cont.)

Availability of Prospective Technologies
Treatment of arsenic-contaminated soil by acid extraction has been used in at least two full-scale applications at Superfund 
sites, and in several pilot-scale studies.  Data from these applications demonstrate that it is capable of achieving the 
remediation goal for arsenic in sediment.  At least two vendors would be available to provide bids to implement the technology.

7. Cost

Capital Costs $22,993,000

Operations and Maintenance Costs $0

Present Worth Costs $22,993,000



TABLE 4-6A
ALTERNATIVE SUB-1 (NO ACTION) - ACTION-SPECIFIC ARARs

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF           Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

NA None NA There are no action-specific ARARs for 
Alternative SUB-1. 

No action would be taken under Alternative SUB-1 
that would invoke an action-specific ARAR.



TABLE 4-6B
ALTERNATIVE SUB-1 (NO ACTION) - LOCATION-SPECIFIC ARARs

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

NA None NA There are no location-specific ARARs for 
Alternative SUB-1. 

No action will be taken under Alternative SUB-1 that 
will invoke a location-specific ARAR.



TABLE 4-6C
ALTERNATIVE SUB-1 (NO ACTION) - CHEMICAL-SPECIFIC ARARs

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF           Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Cancer Slope Factors (CSFs) To Be 
Considered

Guidance values used to evaluate the potential 
carcinogenic risk caused by exposure to contaminants.

CSFs were used to evaluate health risks 
associated with site-related contaminants.

Criteria, 
Advisories, and 
Guidance Reference Doses (RfDs) To Be 

Considered
Guidance values used to evaluate the potential non-
carcinogenic hazard caused by exposure to 
contaminants.  

RfDs were used to evaluate health risks 
associated with site-related contaminants.

Massachusetts Contingency 
Plan (MCP – 310 CMR 
40.000)

To Be 
Considered

The MCP has established a set of risk-based threshold 
concentrations (UCLs) that must be attained in order to 
achieve a condition of no significant risk for 
groundwater or soil within a particular groundwater 
classification area.

UCLs were used to compare the risk-based 
PRGs developed for this Site.  The PRGs are 
below the UCLs.

EPA Health Advisories, 
Human Health Risk 
Assessment Guidance, and 
Ecological Risk Assessment 
Guidance

To Be 
Considered

These advisories and guidance documents provide 
guidance for developing health risk information and 
environmental assessments at Superfund sites.

Risk guidance documents were used to 
evaluate human health and ecological risks 
associated with site-related contaminants and to 
develop PRGs.



TABLE 4-6D
DETAILED ANALYSIS OF ALTERNATIVE SUB-1

NO ACTION – MISHAWUM LAKE BED SUBSURFACE SOIL
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

1. Overall Protection of Human Health and the Environment

Human Health Protection
The results of the baseline human health risk assessment indicate that there is unacceptable potential risk to human health 
resulting from future exposures to arsenic in subsurface soil within the former Mishawum Lake bed.  Because this alternative 
does not take action to mitigate these risks, this alternative does not provide any protection to human health.

Environmental Protection
The results of the baseline ecological risk assessment did not identify unacceptable risks to ecological receptors from 
exposure to subsurface soil within the former Mishawum Lake bed.  Therefore, despite the fact that no actions would be taken 
under this alternative, no unacceptable ecological risks would result from the implementation of this alternative.

2. Compliance with ARARs

Chemical-Specific ARARs There were no chemical-specific ARARs identified for soil.

Location-Specific ARARs Since there are no actions associated with this alternative, there are no location-specific ARARs identified.

Action-Specific ARARs Since there are no actions associated with this alternative, there are no action-specific ARARs identified.

Other Criteria, Advisories, and Guidance This alternative would not comply with the PRGs for subsurface soil that were established based on human health risk 
assessment guidance.

3. Long-Term Effectiveness and Permanence

Magnitude of Residual Risk

The magnitude of residual risk that would result from the selection of this alternative would be high since no actions would be 
taken to mitigate potential future exposures to subsurface soil.  All of the potential risks associated with exposure to 
contaminants in subsurface soil would remain.  Five-year reviews would be required to periodically evaluate risks associated 
with on-site contamination. 

Adequacy and Reliability of Controls Since no actions would be taken under this alternative, no provisions would be taken to control future exposures to subsurface 
soil.  No technologies would be utilized, therefore no operations and maintenance would be required.

4. Reduction of Toxicity, Mobility, and Volume Through Treatment

Treatment Process Used and Materials 
Treated This alternative does not employ a treatment process.

Amount of Hazardous Materials Destroyed or 
Treated No hazardous materials would be destroyed or treated under this alternative.

Degree of Expected Reductions in Toxicity, 
Mobility, and Volume

There would be no reduction in the toxicity, mobility, and volume of contaminants under this alternative beyond that which 
would occur naturally due to subsurface geochemical activity.

Degree to Which Treatment is Irreversible No treatment would be employed under this alternative.



TABLE 4-6D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE SUB-1
NO ACTION – MISHAWUM LAKE BED SUBSURFACE SOIL
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 3

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

4. Reduction of Toxicity, Mobility, and Volume Through Treatment (cont.)

Type and Quantity of Residuals Remaining 
After Treatment No treatment would be employed under this alternative.

5. Short-Term Effectiveness

Protection of Community During Remedial 
Actions No impacts to the community would result from this alternative since no actions would be taken.

Protection of Workers During Remedial 
Actions No impacts to workers would result from this alternative since no actions would be taken.

Environmental Impacts No impacts to the environment would result from this alternative since no actions would be taken.

Time Until Remedial Action Objectives are 
Achieved

Since no actions would be taken to address contamination that is the cause of unacceptable risks, remedial actions objectives 
for subsurface soil would not be achieved in the reasonably foreseeable future.

6. Implementability

Ability to Construct and Operate the 
Technology No construction difficulties or uncertainties would be encountered under this alternative since no actions would be taken.

Reliability of the Technology No treatment technologies would be employed under this alternative.

Ease of Undertaking Additional Remedial 
Actions, if Necessary Additional remedial actions could be taken if necessary, but none would be taken under this alternative.

Ability to Monitor Effectiveness of Remedy Monitoring could be used to evaluate the degree of natural degradation that is occurring in subsurface soil.

Ability to Obtain Approvals from Other 
Agencies Because this alternative does not require any activities, no approvals would be required.

Coordination with Other Agencies Because this alternative does not require any activities, no coordination with other agencies would be required.

Availability of Off-Site Treatment, Storage, and 
Disposal Services and Capacity No off-site treatment, storage, and disposal would be required under this alternative.

Availability of Necessary Equipment and 
Specialists No equipment or technical specialists would be required for this alternative.

Availability of Prospective Technologies No technologies are required for this alternative.



TABLE 4-6D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE SUB-1
NO ACTION – MISHAWUM LAKE BED SUBSURFACE SOIL
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 3 OF 3

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

7. Cost

Capital Costs $0

Operations and Maintenance Costs $0

Present Worth Costs $0



TABLE 4-7A
ALTERNATIVE SUB-2 (INSTITUTIONAL CONTROLS WITH MONITORING) ACTION-SPECIFIC ARARs

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

Federal 
Regulatory 
Requirements

Statement of 
Procedures on 
Wetlands Protection, 
40 CFR Part 6, App. A, 
Exec. Order 11990 
(1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever possible, the long 
and short term impacts associated with the destruction of 
wetlands, and wetlands development wherever there is a 
practicable alternative in accordance with Executive Order 
11990.  

Will be attained.  There is no practicable alternative
method to work within a wetland buffer zone (i.e., 
installation of monitoring wells) with less adverse impact,
and all practicable measures would be taken to minimize 
and mitigate any adverse impacts.   Erosion and 
sedimentation control measures would be adopted during 
construction and restoration activities.

Executive Order for 
Floodplain 
Management
Exec. Order 11988 
(1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the risk of flood 
loss, minimize impact of floods, and restore and preserve 
the natural and beneficial values of floodplains.

Will be attained.  There is no practical alternative method 
to work in floodplains (i.e., installation of monitoring wells) 
with less adverse impact and all practicable measures 
would be taken to minimize and mitigate any adverse 
impacts.  Erosion and sedimentation control measures 
would be adopted during construction and restoration 
activities.

RCRA – Groundwater 
Monitoring (40 CFR 
264, Subpart F)

Relevant and 
Appropriate 

This regulation details the requirements for groundwater 
monitoring and responding to releases from solid waste 
management units.

Groundwater monitoring would be required to evaluate the 
natural attenuation processes and contaminant migration.

RCRA Closure and 
Post-Closure 
Requirements, 40 CFR, 
Subpart G 

Relevant and 
Appropriate

If contaminated soil constitutes characteristic hazardous 
waste or are sufficiently similar to listed RCRA hazardous 
wastes, these regulations are relevant and appropriate.  
Closure must be completed in a manner that minimizes the 
need for further maintenance, and controls, minimizes or 
eliminates, to the extent necessary to protect human health 
and the environment, post-closure escape of hazardous 
waste, hazardous constituents, leachate, contaminated 
run-off, or hazardous waste decomposition products to the 
ground or surface waters or to the atmosphere.

The imposition of institutional controls would prevent 
exposure with subsurface soils, and groundwater 
monitoring would be used to ensure that there is no 
migration of contamination from the soil.

State Regulatory 
Requirements

Massachusetts 
Wetlands Protection 
Act and Regulations, 
MGL c. 131 § 40
310 CMR 10.00

Applicable Regulations restrict dredging, filling, altering, or polluting 
inland wetland resource areas and impose performance 
standards for work in such areas.  Protected resource 
areas include: 10.54 (Bank); 10.55 (Bordering Vegetated 
Wetlands); 10.56 (Land under Water); 10.57 (Bordering 
Land subject to Flooding); and 10.58 (Riverfront Area).

Will be attained because there is no practicable alternative 
that would be less damaging to resource areas and all 
practical measures would be taken to minimize adverse 
impacts on wetlands.



TABLE 4-7B
ALTERNATIVE SUB-2 (INSTITUTIONAL CONTROLS WITH MONITORING)

LOCATION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

Federal 
Regulatory 
Requirements

Statement of Procedures on 
Wetlands Protection, 40 CFR 
Part 6, App. A, Exec. Order 
11990 (1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever 
possible, the long and short term impacts 
associated with the destruction of wetlands, 
and wetlands development wherever there is a 
practicable alternative in accordance with 
Executive Order 11990.  

Will be attained.  There is no practicable alternative method 
to work within a wetland buffer zone (i.e., installation of 
monitoring wells) with less adverse impact.  All practicable 
measures would be taken to minimize and mitigate any 
adverse impacts.  Erosion and sedimentation control 
measures would be adopted during construction and 
restoration activities.

Executive Order for 
Floodplain Management
Exec. Order 11988 (1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the 
risk of flood loss, minimize impact of floods, 
and restore and preserve the natural and 
beneficial values of floodplains.

Will be attained.  There is no practical alternative method to 
work in floodplains (i.e., installation of monitoring wells) with 
less adverse impact.  All practicable measures would be 
taken to minimize and mitigate any adverse impacts.  
Erosion and sedimentation control measures would be 
adopted during construction and restoration activities.

State Regulatory 
Requirements

Massachusetts Wetlands 
Protection Act and 
Regulations, MGL c. 131 § 40
310 CMR 10.00

Applicable Regulations restrict dredging, filling, altering, or 
polluting inland wetland resource areas and 
impose performance standards for work in 
such areas.  Protected resource areas include: 
10.54 (Bank); 10.55 (Bordering Vegetated 
Wetlands); 10.56 (Land under Water); 10.57 
(Bordering Land subject to Flooding); and 
10.58 (Riverfront Area).

Will be attained because there is no practicable alternative 
that would be less damaging to resource areas and all 
practical measures would be taken to minimize adverse 
impacts to wetlands.



TABLE 4-7C
ALTERNATIVE SUB-2 (INSTITUTIONAL CONTROLS WITH MONITORING)

CHEMICAL-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF           Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO 
ATTAIN REQUIREMENT

State Regulatory 
Requirements

Massachusetts 
Contingency Plan
(MCP – 310 CMR 40.000)

To Be 
Considered

The MCP has established a set of risk-
based threshold concentrations (UCLs) that 
must be attained in order to achieve a 
condition of no significant risk for 
groundwater or soil within a particular 
groundwater classification area.

UCLs were used to compare the risk-
based PRGs developed for this Site.  
The PRGs are below the UCLs.

Criteria, 
Advisories, and 
Guidance

Cancer Slope Factors 
(CSFs)

To Be 
Considered

Guidance values used to evaluate the 
potential carcinogenic risk caused by 
exposure to contaminants. 

CSFs were used to evaluate health 
risks associated with site-related 
contaminants.

Reference Doses (RfDs) To Be 
Considered

Guidance values used to evaluate the 
potential non-carcinogenic hazard caused 
by exposure to contaminants.  

RfDs were used to evaluate health 
risks associated with site-related 
contaminants.

EPA Health Advisories, 
Human Health Risk 
Assessment Guidance, 
and Ecological Risk 
Assessment Guidance

To Be 
Considered

These advisories and guidance documents 
provide guidance for developing health risk 
information and environmental assessments 
at Superfund sites.

Risk guidance documents were used 
to evaluate human health and 
ecological risks associated with site-
related contaminants and to develop 
PRGs.



TABLE 4-7D
DETAILED ANALYSIS OF ALTERNATIVE SUB-2

MONITORING WITH INSTITUTIONAL CONTROLS - MISHAWUM LAKE BED SUBSURFACE SOIL
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

1. Overall Protection of Human Health and the Environment

Human Health Protection

The results of the baseline human health risk assessment indicate that there is unacceptable potential risk to human health 
resulting from future exposures to arsenic in subsurface soil (3-15 feet) within the former Mishawum Lake bed area (see 
Figure 2-3b).  This alternative would utilize institutional controls such as deed restrictions and local ordinances to restrict future 
on-site activities (such as excavation) that would create exposures to contaminated subsurface soil.  The overall protection of 
human health that would be provided by this alternative would be limited by the extent to which these restrictions can be 
enforced.

Environmental Protection

The results of the baseline ecological risk assessment did not identify unacceptable risks to ecological receptors from 
exposure to subsurface soil within the former Mishawum Lake bed.  Therefore, despite the fact that no actions would be taken 
under this alternative to reduce ecological risks, no unacceptable ecological risks would result from the implementation of this 
alternative.

2. Compliance with ARARs

Chemical-Specific ARARs No chemical-specific ARARs were identified for subsurface soils.

Location-Specific ARARs This alternative will comply with the pertinent location-specific ARARs listed in Table 4-7B.

Action-Specific ARARs This alternative will comply with the pertinent action-specific ARARs listed in Table 4-7A.

Other Criteria, Advisories, and Guidance This alternative would comply with the PRGs for subsurface soil that were established based on human health risk 
assessment guidance so long as institutional controls are adequately enforced.

3. Long-Term Effectiveness and Permanence

Magnitude of Residual Risk

The magnitude of residual risk that would result from the implementation of this alternative would be low to moderate.  No on-
site actions would be taken to treat, contain, or remove contaminated surface soil; but efforts would be made, through the 
restriction on future on-site activities, to control potential future exposures to contaminated subsurface soil.  Since 
contamination would remain on-site above levels that allow for unlimited use and unrestricted exposure to surface soils, five-
year reviews would be required to periodically evaluate risks associated with on-site contamination. 

Adequacy and Reliability of Controls

Since no technologies would be utilized under this alternative, no process efficiencies or performance standards would need to 
be met and no technical components would need to be replaced.  
Since no treatment, containment, or removal of contaminants would occur under this alternative, long-term monitoring to verify 
the protectiveness of the remedy would be required.  Long-term monitoring would likely consist of periodic inspections for 
evidence of human contact with contaminated soil.
Since contaminated subsurface soil is located at a depth that virtually isolates it from human contact (greater than 3 feet below 
ground surface), there is a high level of certainty that institutional controls could adequately control potential human exposures 
to contaminated subsurface soil.



TABLE 4-7D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE SUB-2
MONITORING WITH INSTITUTIONAL CONTROLS - MISHAWUM LAKE BED SUBSURFACE SOIL
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 3

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

4. Reduction of Toxicity, Mobility, and Volume Through Treatment

Treatment Process Used and Materials 
Treated This alternative does not employ a treatment process.

Amount of Hazardous Materials Destroyed or 
Treated No hazardous materials would be destroyed or treated under this alternative.

Degree of Expected Reductions in Toxicity, 
Mobility, and Volume

There would be no reduction in the toxicity, mobility, and volume of contaminants under this alternative beyond that which 
would occur naturally due to subsurface geochemical activity.

Degree to Which Treatment is Irreversible No treatment would be employed under this alternative.

Type and Quantity of Residuals Remaining 
After Treatment No treatment would be employed under this alternative.

5. Short-Term Effectiveness

Protection of Community During Remedial 
Actions No impacts to the community would result from the implementation of this alternative since no on-site actions would be taken.

Protection of Workers During Remedial 
Actions No impacts to workers would result from the implementation of this alternative since no on-site actions would be taken.

Environmental Impacts No impacts to the environment would result from the implementation of this alternative since no on-site actions would be 
taken.

Time Until Remedial Action Objectives are 
Achieved

Protection against potential future exposures to surface soil that would be provided by the imposition of institutional controls 
would be achieved as soon as the appropriate legal agreements can be drafted and approved.  To the extent that these 
controls or restrictions can be effectively enforced, this would achieve the remedial action objectives for subsurface soil.

6. Implementability

Ability to Construct and Operate the 
Technology

No construction difficulties or uncertainties would be encountered under this alternative since no on-site construction activities 
would be undertaken.

Reliability of the Technology No treatment technologies would be employed under this alternative.

Ease of Undertaking Additional Remedial 
Actions, if Necessary

Future remedial actions might be necessary if institutional controls do not prove to be an effective deterrent to the types of 
activities that would cause unacceptable exposures to contaminated subsurface soil.  Additional remedial actions could easily 
be taken if necessary.

Ability to Monitor Effectiveness of Remedy Monitoring could be used to evaluate the degree of natural degradation that is occurring in surface soil.  No migration or 
exposure pathways exist that cannot by monitored adequately.



TABLE 4-7D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE SUB-2
MONITORING WITH INSTITUTIONAL CONTROLS - MISHAWUM LAKE BED SUBSURFACE SOIL
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 3 OF 3

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

6. Implementability (cont.)

Ability to Obtain Approvals from Other 
Agencies No approvals from other agencies would be required to implement this alternative.

Coordination with Other Agencies No coordination with other agencies would be required to implement this alternative.

Availability of Off-Site Treatment, Storage, and 
Disposal Services and Capacity No off-site treatment, storage, and disposal would be required under this alternative.

Availability of Necessary Equipment and 
Specialists No equipment or technical specialists would be required for this alternative.

Availability of Prospective Technologies No technologies are required for this alternative.

7. Cost

Capital Costs $315,000

Operations and Maintenance Costs $108,000/year (Years 1-10)
$30,000/year (Years 11-30)

Present Worth Costs $1,276,000



TABLE 4-8A
ALTERNATIVE SUB-3 (PERMEABLE COVER AND MONITORING WITH INSTITUTIONAL CONTROLS)

ACTION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements

Statement of Procedures on 
Wetlands Protection, 40 
CFR Part 6, App. A, Exec. 
Order 11990 (1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever possible, the long 
and short term impacts associated with the destruction of 
wetlands, and wetlands development wherever there is a 
practicable alternative in accordance with Executive Order 
11990.  

Will be attained.  There is no practicable alternative 
method to work within a wetland buffer zone (i.e., 
installation of monitoring wells, excavation, and 
placement of cover materials) with less adverse impact. 
 All practicable measures would be taken to minimize 
and mitigate any adverse impacts.  Erosion and 
sedimentation control measures would be adopted 
during construction and restoration activities.

Executive Order for 
Floodplain Management
Exec. Order 11988 (1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the risk of flood 
loss, minimize impact of floods, and restore and preserve 
the natural and beneficial values of floodplains.

Will be attained.  There is no practical alternative
method to work in floodplains with less adverse impact. 
 All practicable measures would be taken to minimize 
and mitigate any adverse impacts.  Erosion and 
sedimentation control measures would be adopted 
during construction and restoration activities.

RCRA Identification and 
Listing of Hazardous 
Wastes, 40 CFR 261.3

Applicable or 
Relevant and 
Appropriate

Criteria for determining if a waste or contaminated media is 
a hazardous waste subject to regulation. If a contaminated 
media exhibits the characteristics of a hazardous waste, 
RCRA hazardous waste regulations are applicable.   If a 
contaminated media is sufficiently similar to listed RCRA 
hazardous wastes, these regulations are relevant and 
appropriate.

EPA will assess the contaminated soils using this 
criteria to determine whether they should be managed 
as hazardous waste.

RCRA – Groundwater 
Monitoring
(40 CFR 264, Subpart F)

Relevant and 
Appropriate 

This regulation details the requirements for groundwater 
monitoring and responding to releases from solid waste 
management units.

Groundwater monitoring would be required to evaluate 
the natural attenuation processes and contaminant 
migration.

RCRA Closure and Post-
Closure Requirements, 
40 CFR, Subpart G 

Relevant and 
Appropriate

If contaminated soil constitutes characteristic hazardous 
waste or are sufficiently similar to listed RCRA hazardous 
wastes, these regulations are relevant and appropriate.  
Closure must be completed in a manner that minimizes 
the need for further maintenance, and controls, minimizes 
or eliminates, to the extent necessary to protect human 
health and the environment, post-closure escape of  
hazardous waste, hazardous constituents, leachate, 
contaminated run-off, or hazardous waste decomposition 
products to the ground or surface waters or to the 
atmosphere.

The imposition of institutional controls would prevent 
exposure to subsurface soils, and groundwater 
monitoring would be used to ensure that there is no 
migration of contamination from the soil.  



TABLE 4-8A (cont.)
ALTERNATIVE SUB-3 (PERMEABLE COVER AND MONITORING WITH INSTITUTIONAL CONTROLS)
ACTION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 2

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

State 
Regulatory 
Requirements

Massachusetts Wetlands 
Protection Act and 
Regulations,
MGL c. 131 § 40
310 CMR 10.00

Applicable Regulations restrict dredging, filling, altering, or polluting 
inland wetland resource areas and impose performance 
standards for work in such areas.  Protected resource 
areas include: 10.54 (Bank); 10.55 (Bordering Vegetated 
Wetlands); 10.56 (Land under Water); 10.57 (Bordering 
Land subject to Flooding); and 10.58 (Riverfront Area).

Will be attained because there is no practicable 
alternative that would be less damaging to resource 
areas and all practical measures would be taken to 
minimize adverse impacts on wetlands.

Massachusetts Ambient Air 
Quality Standards (310 CMR 
6.0) and Massachusetts Air 
Pollution Control Regulations 
(310 CMR 7.00)

Applicable This regulation contains standards for fugitive emissions, 
dust, and particulates during construction.

The design specifications and required construction 
procedures would ensure that Alternative SUB-3 will 
comply with this ARAR.



TABLE 4-8B
ALTERNATIVE SUB-3 (PERMEABLE COVER AND MONITORING WITH INSTITUTIONAL CONTROLS)

LOCATION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

Federal 
Regulatory 
Requirements

Statement of Procedures 
on Wetlands Protection,
40 CFR Part 6, App. A, 
Exec. Order 11990 (1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever 
possible, the long and short term impacts 
associated with the destruction of wetlands, 
and wetlands development wherever there is a 
practicable alternative in accordance with 
Executive Order 11990.  

Will be attained.  There is no practicable alternative method 
to work within a wetland buffer zone with less adverse 
impact.  All practicable measures would be taken to minimize 
and mitigate any adverse impacts.  Erosion and 
sedimentation control measures would be adopted during 
construction and restoration activities.

Executive Order for 
Floodplain Management
Exec. Order 11988 (1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the 
risk of flood loss, minimize impact of floods, 
and restore and preserve the natural and 
beneficial values of floodplains.

Will be attained.  There is no practical alternative method to 
work in floodplains with less adverse impact and all 
practicable measures would be taken to minimize and 
mitigate any adverse impacts.  Erosion and sedimentation 
control measures would be adopted during construction and 
restoration activities.

State Regulatory 
Requirements

Massachusetts Wetlands 
Protection Act and 
Regulations,
MGL c. 131 § 40
310 CMR 10.00

Applicable Regulations restrict dredging, filling, altering, or 
polluting inland wetland resource areas and 
impose performance standards for work in 
such areas.  Protected resource areas include: 
10.54 (Bank); 10.55 (Bordering Vegetated 
Wetlands); 10.56 (Land under Water); 10.57 
(Bordering Land subject to Flooding); and 
10.58 (Riverfront Area).

Will be attained because there is no practicable alternative
method that would be less damaging to resource areas and
all practical measures would be taken to minimize adverse 
impacts on wetlands.



TABLE 4-8C
ALTERNATIVE SUB-3 (PERMEABLE COVER AND MONITORING WITH INSTITUTIONAL CONTROLS)

CHEMICAL-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF           Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Criteria, 
Advisories, and 
Guidance

Cancer Slope Factors (CSFs) To Be 
Considered

Guidance values used to evaluate the potential 
carcinogenic risk caused by exposure to contaminants. 

CSFs were used to evaluate health risks 
associated with site-related contaminants.

Reference Doses (RfDs) To Be 
Considered

Guidance values used to evaluate the potential non-
carcinogenic hazard caused by exposure to 
contaminants.  

RfDs were used to evaluate health risks 
associated with site-related contaminants.

Massachusetts Contingency 
Plan (MCP – 310 CMR 
40.000)

To Be 
Considered

The MCP has established a set of risk-based threshold 
concentrations (UCLs) that must be attained in order to 
achieve a condition of no significant risk for 
groundwater or soil within a particular groundwater 
classification area.

UCLs were used to compare the risk-based 
PRGs developed for this Site.  The PRGs are 
below the UCLs.

EPA Health Advisories, 
Human Health Risk 
Assessment Guidance, and 
Ecological Risk Assessment 
Guidance

To Be 
Considered

These advisories and guidance documents provide 
guidance for developing health risk information and 
environmental assessments at Superfund sites.

Risk guidance documents were used to 
evaluate human health and ecological risks 
associated with site-related contaminants and 
to develop PRGs.



TABLE 4-8D
DETAILED ANALYSIS OF ALTERNATIVE SUB-3

PERMEABLE COVER WITH MONITORING AND INSTITUTIONAL CONTROLS – MISHAWUM LAKE BED SUBSURFACE SOIL
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

1. Overall Protection of Human Health and the Environment

Human Health Protection

The results of the baseline human health risk assessment indicate that there is unacceptable potential risk to human health 
resulting from future exposures to arsenic in subsurface soil within the former Mishawum Lake bed (see Figure 2-3b).  This 
alternative would prevent future direct contact with contaminated subsurface soils by containing them below a permeable cover 
that supplements the existing impermeable surface (asphalt) that covers much of the former lake bed, and imposing institutional 
controls on these properties to prohibit activities that might present unacceptable direct contact risks in the future.  
In areas that are currently vegetated, and where potential human health risks were identified due to future exposures to 
subsurface soil, permeable caps would be installed.  The construction of permeable caps would be preceded by the excavation of 
approximately 1.5 feet of contaminated soil, which would be transported to an off-site landfill for disposal.  A geotextile would be 
placed and covered with 1.5 feet of clean soil to form the permeable cover.  Institutional controls such as deed restrictions and 
local ordinances will placed on both the permeable caps and asphalt surfaces within the human health risk areas to restrict future 
on-site activities that would create exposures to contaminated soil.

Environmental Protection
The results of the baseline ecological risk assessment did not identify unacceptable risks to ecological receptors from exposure to 
subsurface soil within the former Mishawum Lake bed.  Therefore, despite the fact that no actions would be taken under this 
alternative to reduce ecological risks, no unacceptable ecological risks would result from the implementation of this alternative.

2. Compliance with ARARs

Chemical-Specific ARARs There were no chemical-specific ARARs identified for soil.

Location-Specific ARARs This alternative will comply with the pertinent location-specific ARARs listed in Table 4-8B.

Action-Specific ARARs This alternative will comply with the pertinent action-specific ARARs listed in Table 4-8A.

Other Criteria, Advisories, and Guidance This alternative will comply with the PRGs for subsurface soil that were established based on human health risk assessment 
guidance.

3. Long-Term Effectiveness and Permanence

Magnitude of Residual Risk

The magnitude of residual risk that would result from the implementation of this alternative would be low since all of the areas 
where contaminated subsurface soil was determined to present future human health risks are/would be covered by existing 
impermeable surfaces (asphalt) or newly created permeable covers consisting of 1.5 feet of clean soil.  Restrictions will be placed 
on future on-site activities to prevent potential future exposures to contaminated subsurface soil.
Since contamination would remain on-site above levels that allow for unlimited use and unrestricted exposure to subsurface soils, 
five-year reviews would be required to periodically evaluate risks associated with on-site contamination.



TABLE 4-8D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE SUB-3
PERMEABLE COVER WITH MONITORING AND INSTITUTIONAL CONTROLS – MISHAWUM LAKE BED SUBSURFACE SOIL
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 4

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

3. Long-Term Effectiveness and Permanence (cont.)

Adequacy and Reliability of Controls

The technology that would be used under this alternative could easily and reliably meet the performance specifications that would 
be required.  Long-term maintenance and monitoring would be required to ensure that the condition of asphalt surfaces and 
permeable covers remains adequate to protect human health.  Long-term monitoring would likely consist of periodic inspections 
for evidence of erosion, disturbance of the cover, or asphalt deterioration.
Some level of repairs would be necessary when erosion or damage of cap/cover materials is extensive enough to create a 
potential risk of exposure to underlying soils.  Replacement or repair of asphalt or permeable cap material would involve routine 
maintenance activities that could be easily implemented.
Institutional controls that would be relied upon to protect the integrity of the asphalt cap/permeable cover that would be 
constructed and maintained under this alternative would be reliable to the extent that such controls could be enforced.

4. Reduction of Toxicity, Mobility, and Volume Through Treatment

Treatment Process Used and Materials 
Treated This alternative does not employ a treatment process.

Amount of Hazardous Materials Destroyed or 
Treated No hazardous materials would be destroyed or treated under this alternative.

Degree of Expected Reductions in Toxicity, 
Mobility, and Volume

There would be no reduction in the toxicity, mobility, and volume of contaminants under this alternative beyond that which would 
occur naturally due to subsurface geochemical activity.

Degree to Which Treatment is Irreversible No treatment would be employed under this alternative.

Type and Quantity of Residuals Remaining 
After Treatment No treatment would be employed under this alternative.



TABLE 4-8D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE SUB-3
PERMEABLE COVER WITH MONITORING AND INSTITUTIONAL CONTROLS – MISHAWUM LAKE BED SUBSURFACE SOIL
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 3 OF 4

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

5. Short-Term Effectiveness

Protection of Community During Remedial 
Actions

Impacts to the community during construction of permeable covers would be high since much of this area includes active 
commercial businesses and existing parking lots. The construction design would have to consider sequencing activities to 
minimize these impacts.  Coordination of a large-scale effort in an area such as the one impacted by this alternative could be 
challenging.
Engineering controls would be utilized during excavation and cover placement to ensure that the community is not exposed to 
airborne contaminants.  Areas where excavation would be conducted to remove surface soils prior to placement of the cover 
would be periodically sprayed with water to prevent fugitive dust emissions.  Perimeter air and dust monitoring would be 
conducted to verify the effectiveness of dust and air pollution control measures.
A traffic control plan would be developed to minimize impacts to local traffic flow patterns in the construction areas and to address 
the increased truck traffic in the area that might result from construction.  Trucks and other heavy equipment will be 
decontaminated before leaving work areas to prevent the spread of contaminants onto public or private roadways.
There would be no short-term risks associated with the implementation of this alternative that could not be readily controlled using 
some type of engineering control, beyond those associated with the implementation of a large-scale excavation project in an area 
that currently supports active businesses.

Protection of Workers During Remedial 
Actions

Impacts to workers during remedial actions would be minimal.  Construction activities that would occur under this alternative 
would be completed in accordance with all required health and safety regulations and procedures.  Air monitoring and engineering 
controls will be utilized to assess and minimize exposure to contaminants by workers.  The appropriate personal protective 
equipment will be worn during implementation, and decontamination procedures would be utilized to prevent the spread of 
contaminants.
There would be no short-term risks to workers associated with the implementation of this alternative that could not be readily 
controlled using some type of engineering control.

Environmental Impacts This alternative would involve moderate impacts to the environment since excavation would be performed in the 100-year 
floodplain (adjacent to the Halls Brook Holding Area).

Time Until Remedial Action Objectives are 
Achieved

The estimated duration of construction activities that would occur under this alternative is approximately 8 months, after which 
time the remedial action objectives for subsurface soil will have been achieved (assuming that institutional controls are in place as 
soon as construction is completed.



TABLE 4-8D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE SUB-3
PERMEABLE COVER WITH MONITORING AND INSTITUTIONAL CONTROLS – MISHAWUM LAKE BED SUBSURFACE SOIL
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 4 OF 4

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

6. Implementability

Ability to Construct and Operate the 
Technology

All activities that are part of the alternative involve conventional construction techniques and equipment. Construction difficulties 
would be associated with underground utilities, the large volume of material requiring handling, and accommodations to local 
businesses.

Reliability of the Technology Technical problems that might delay the construction schedule are unlikely, since the alternative utilizes conventional and well-
developed construction techniques to achieve remediation objectives.

Ease of Undertaking Additional Remedial 
Actions, if Necessary

No future remedial actions would be anticipated after the implementation of this remedial alternative.  If additional remedial 
actions were required, the activities and construction that would be conducted under this alternative would not add to the difficulty 
of performing other remedial actions within the former Mishawum Lake bed.

Ability to Monitor Effectiveness of Remedy No migration or exposure pathways exist that cannot be monitored adequately.

Ability to Obtain Approvals from Other 
Agencies Approvals from other agencies would not be required to implement this alternative.

Coordination with Other Agencies Coordination with other agencies would not be required to implement this alternative.

Availability of Off-Site Treatment, Storage, and 
Disposal Services and Capacity

Several off-site disposal facilities would be available to handle the anticipated volume of soil that would be excavated and 
transported for off-site disposal under this alternative.

Availability of Necessary Equipment and 
Specialists

This alternative uses conventional construction equipment to accomplish soil removal and to place geotextile and clean soil.  
Equipment, and skilled labor required to perform the alternative would be readily available from several sources.

Availability of Prospective Technologies Excavation, off-site disposal, and permeable cover placement are commonly used remedial options that are proven and reliable.  

7. Cost

Capital Costs $6,495,000

Operations and Maintenance Costs $159,000/year (Years 1-10)
$81,000/year (Years 11-30)

Present Worth Costs $8,070,000



TABLE 4-9A
ALTERNATIVE GW-1 (NO ACTION) - ACTION-SPECIFIC ARARs

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF           Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

NA None NA There are no action-specific ARARs for Alternative 
GW-1. 

No action would be taken under Alternative GW-1 
that would invoke an action-specific ARAR.



TABLE 4-9B
ALTERNATIVE GW-1 (NO ACTION) - LOCATION-SPECIFIC ARARs

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

NA None NA There are no location-specific ARARs for 
Alternative GW-1. 

No action would be taken under Alternative GW-1 
that would invoke a location-specific ARAR.



TABLE 4-9C
ALTERNATIVE GW-1 (NO ACTION) - CHEMICAL-SPECIFIC ARARs

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF           Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Criteria, 
Advisories, 
and Guidance

Cancer Slope Factors 
(CSFs)

To Be 
Considered

Guidance values used to evaluate the potential 
carcinogenic risk caused by exposure to 
contaminants. 

CSFs were used to evaluate health risks 
associated with site-related contaminants.

Reference Doses (RfDs) To Be 
Considered

Guidance values used to evaluate the potential 
non-carcinogenic hazard caused by exposure to 
contaminants.  

RfDs were used to evaluate health risks 
associated with site-related contaminants.

EPA Health Advisories, 
Human Health Risk 
Assessment Guidance, and 
Ecological Risk Assessment 
Guidance

To Be 
Considered

These advisories and guidance documents 
provide guidance for developing health risk 
information and environmental assessments at 
Superfund sites.

Risk guidance documents were used to 
evaluate human health and ecological risks 
associated with site-related contaminants 
and to develop PRGs.



TABLE 4-9D
DETAILED ANALYSIS OF ALTERNATIVE GW-1

NO ACTION – GROUNDWATER
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

1. Overall Protection of Human Health and the Environment

Human Health Protection

The results of the baseline human health risk assessment indicate that there is unacceptable potential risk to human health 
resulting from future exposures to arsenic, benzene, trichloroethene (TCE), and/or 1,2-dichloroethane (DCA) in groundwater 
within the Northern Study Area by a construction worker, industrial worker, and car wash worker.  Because this alternative does 
not take action to mitigate these risks, this alternative does not provide any protection to human health.

Environmental Protection

The results of the baseline ecological risk assessment did not identify unacceptable risks to ecological receptors from exposure to 
groundwater.  However, the fate and transport evaluation for the Northern Study Area indicates that groundwater is providing a 
continuing source of contamination to sediment in the HBHA Pond, which contributes to unacceptable risks to benthic 
communities in the Pond.  Contaminants are believed to enter Pond sediments via groundwater discharges to the northern half of 
the eastern side of the HBHA Pond.  Since no actions would be taken to decrease contaminant concentrations in groundwater at 
the site, this alternative would not prevent the continued transport of contaminants into sediments that pose unacceptable 
ecological risks.

2. Compliance with ARARs

Chemical-Specific ARARs There are no chemical-specific ARARs identified for this alternative.

Location-Specific ARARs Since there are no actions associated with this alternative, there are no location-specific ARARs identified.

Action-Specific ARARs Since there are no actions associated with this alternative, there are no action-specific ARARs identified.

Other Criteria, Advisories, and Guidance This alternative would not comply with the PRGs for groundwater established based on human health and ecological risk 
assessment guidance.

3. Long-Term Effectiveness and Permanence

Magnitude of Residual Risk

The magnitude of residual risk that would result from the selection of this alternative would be high since no actions would be 
taken to prevent future exposures to contaminated groundwater in the Northern Study Area and no actions would be taken to 
prevent discharges of contaminated groundwater to the HBHA Pond (which have been identified as a continuing source of 
sediment contamination related to ecological risk in the HBHA Pond).  Five-year reviews would be required to periodically 
evaluate risks associated with on-site contamination. 

Adequacy and Reliability of Controls
Since no actions would be taken under this alternative, no provisions would be taken to control future exposures to groundwater 
or future discharges of contaminated groundwater to the HBHA Pond.  No technologies would be utilized, therefore no operations 
and maintenance would be required.



TABLE 4-9D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE GW-1
NO ACTION – GROUNDWATER
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 3

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

4. Reduction of Toxicity, Mobility, and Volume Through Treatment

Treatment Process Used and Materials 
Treated This alternative does not employ a treatment process.

Amount of Hazardous Materials Destroyed or 
Treated No hazardous materials would be destroyed or treated under this alternative.

Degree of Expected Reductions in Toxicity, 
Mobility, and Volume

There would be no reduction in the toxicity, mobility, and volume of contaminants under this alternative beyond that which would 
occur naturally due to subsurface geochemical activity.

Degree to Which Treatment is Irreversible No treatment would be employed under this alternative.

Type and Quantity of Residuals Remaining 
After Treatment No treatment would be employed under this alternative.

5. Short-Term Effectiveness

Protection of Community During Remedial 
Actions No impacts to the community would result from this alternative since no actions would be taken.

Protection of Workers During Remedial 
Actions No impacts to workers would result from this alternative since no actions would be taken.

Environmental Impacts No impacts to the environment would result from this alternative since no actions would be taken.

Time Until Remedial Action Objectives are 
Achieved

Since no actions would be taken to address contamination that is the cause of unacceptable risks, remedial actions objectives for 
groundwater would not be achieved in the reasonably foreseeable future

6. Implementability

Ability to Construct and Operate the 
Technology No construction difficulties or uncertainties would be encountered under this alternative since no actions would be taken.

Reliability of the Technology No treatment technologies would be employed under this alternative.

Ease of Undertaking Additional Remedial 
Actions, if Necessary Additional remedial actions could be taken if necessary, but none would be taken under this alternative.

Ability to Monitor Effectiveness of Remedy Monitoring could be used to evaluate the degree of natural degradation that is occurring in groundwater.

Ability to Obtain Approvals from Other 
Agencies Because this alternative does not require any activities, no approvals would be required.



TABLE 4-9D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE GW-1
NO ACTION – GROUNDWATER
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 3 OF 3

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

6. Implementability (cont.)

Coordination with Other Agencies Because this alternative does not require any activities, no coordination with other agencies would be required.

Availability of Off-Site Treatment, Storage, and 
Disposal Services and Capacity No off-site treatment, storage, and disposal would be required under this alternative.

Availability of Necessary Equipment and 
Specialists No equipment or technical specialists would be required for this alternative.

Availability of Prospective Technologies No technologies are required for this alternative.

7. Cost

Capital Costs $0

Operations and Maintenance Costs $0

Present Worth Costs $0



TABLE 4-10A
ALTERNATIVE GW-2 (POND INTERCEPT AND MONITORING WITH INSTITUTIONAL CONTROLS) ACTION-SPECIFIC ARARs

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF           Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

Federal 
Regulatory 
Requirements

Statement of Procedures 
on Wetlands Protection,
40 CFR Part 6, App. A, 
Exec. Order 11990 (1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever 
possible, the long and short term impacts 
associated with the destruction of wetlands, 
and wetlands development wherever there is 
a practicable alternative in accordance with 
Executive Order 11990.  

Will be attained.  There is no practicable alternative to work 
within a wetland buffer zone (i.e., installation of monitoring 
wells) with less adverse impact and all practicable 
measures would be taken to minimize and mitigate any 
adverse impacts.  Erosion and sedimentation control 
measures would be adopted during construction and 
restoration activities.

Executive Order for 
Floodplain Management
Exec. Order 11988 (1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the 
risk of flood loss, minimize impact of floods, 
and restore and preserve the natural and 
beneficial values of floodplains.

Will be attained.  There is no practical alternative to work in 
floodplains (i.e., installation of monitoring wells) with less 
adverse impact and all practicable measures would be 
taken to minimize and mitigate any adverse impacts.  
Erosion and sedimentation control measures would be 
adopted during construction and restoration activities.

RCRA – Groundwater 
Monitoring (40 CFR 264, 
Subpart F)

Relevant and 
Appropriate

This regulation details the requirements for 
groundwater monitoring and responding to 
releases from solid waste management units.

Alternative GW-2 would comply with this ARAR. 
Groundwater monitoring would be required to evaluate the 
natural attenuation processes and contaminant migration 
into HBHA Pond.

State Regulatory 
Requirements

Massachusetts Wetlands 
Protection Act and 
Regulations,
MGL c. 131 § 40
310 CMR 10.00

Applicable Regulations restrict dredging, filling, altering, 
or polluting inland wetland resource areas 
and impose performance standards for work 
in such areas.  Protected resource areas 
include: 10.54 (Bank); 10.55 (Bordering 
Vegetated Wetlands); 10.56 (Land under 
Water); 10.57 (Bordering Land subject to 
Flooding); and 10.58 (Riverfront Area).

Will be attained because (a) there is no practicable 
alternative that would be less damaging to resource areas; 
(b) all practical measures would be taken to minimize 
adverse impacts on wetlands; (c) stormwater discharges 
would be controlled through best management practices 
(BMPs); (d) actions would be taken to minimize impact of 
hydrologic changes during the work to the extent 
practicable; (e) after completion of the work, there would
be no significant net loss of flood storage capacity and no 
significant net increase in flood storage or velocities; and (f) 
disturbed vegetation, river, and riverbank would be 
restored.  Appropriate mitigation to compensate the 
continuing deposition of contaminants into the northern 
portion of HBHA Pond would be required to replace lost 
and impaired functions and values.



TABLE 4-10B
ALTERNATIVE GW-2 (POND INTERCEPT AND MONITORING WITH INSTITUTIONAL CONTROLS) LOCATION-SPECIFIC ARARs

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

Federal 
Regulatory 
Requirements

Statement of Procedures 
on Wetlands Protection,
40 CFR Part 6, App. A, 
Exec. Order 11990 
(1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever 
possible, the long and short term impacts 
associated with the destruction of wetlands, 
and wetlands development wherever there is a 
practicable alternative in accordance with 
Executive Order 11990.  

Will be attained.  There is no practicable alternative method to 
work within a wetland buffer zone (i.e., installation of 
monitoring wells) with less adverse impact and all practicable 
measures would be taken to minimize and mitigate any 
adverse impacts.  Erosion and sedimentation control 
measures would be adopted during construction and 
restoration activities.

Executive Order for 
Floodplain Management
Exec. Order 11988 
(1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the 
risk of flood loss, minimize impact of floods, 
and restore and preserve the natural and 
beneficial values of floodplains.

Will be attained.  There is no practical alternative method to 
work in floodplains (i.e., installation of monitoring wells) with 
less adverse impact and all practicable measures would be 
taken to minimize and mitigate any adverse impacts.  Erosion 
and sedimentation control measures would be adopted during 
construction and restoration activities.

State Regulatory 
Requirements

Massachusetts Wetlands 
Protection Act and 
Regulations, MGL c. 131 
§ 40
310 CMR 10.00

Applicable Regulations restrict dredging, filling, altering, or 
polluting inland wetland resource areas and 
impose performance standards for work in 
such areas.  Protected resource areas include: 
10.54 (Bank); 10.55 (Bordering Vegetated 
Wetlands); 10.56 (Land under Water); 10.57 
(Bordering Land subject to Flooding); and 
10.58 (Riverfront Area).

Will be attained because (a) there is no practicable alternative 
that would be less damaging to resource areas; (b) all practical 
measures would be taken to minimize adverse impacts on 
wetlands; (c) stormwater discharges would be controlled 
through best management practices (BMPs); (d) actions 
would be taken to minimize impact of hydrologic changes 
during the work to the extent practicable; (e) after completion 
of the work, there would be no significant net loss of flood 
storage capacity and no significant net increase in flood 
storage or velocities; and (f) disturbed vegetation, river, and 
riverbank would be restored.  Appropriate mitigation to 
compensate the continuing deposition of contaminants into 
the northern portion of HBHA Pond would be required to 
replace lost and impaired functions and values.



TABLE 4-10C
ALTERNATIVE GW-2 (PLUME INTERCEPT AND MONITORING WITH INSTITUTIONAL CONTROLS) CHEMICAL-SPECIFIC ARARs

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements 

Clean Water Act, Ambient 
Water Quality Criteria, 33 
U.S.C. § 1314, 40 CFR 
131.36(b)(1)

Relevant and 
Appropriate

National recommended criteria for surface water 
quality.  For protection of freshwater aquatic life 
due to chronic exposure:  
Arsenic Criteria:  190  ug/L
Benzene: 46 ug/L 

NRWQC for arsenic and other site-related 
constituents would be achieved at the point of 
compliance (south of the HBHA cofferdam) and in 
the river downstream of the cofferdam.  

State Regulatory 
Requirements

Massachusetts Surface Water 
Quality Standards 314 CMR 
4.05(5)(e)

Relevant and 
Appropriate

Establishes federal water quality criteria as 
allowable water quality concentrations. Allows for 
site-specific criteria where federal criteria are 
invalid due to site-specific characteristics.

See above discussion of federal water quality 
criteria.  

Criteria, 
Advisories, and 
Guidance

Cancer Slope Factors (CSFs) To Be 
Considered

Guidance values used to evaluate the potential 
carcinogenic risk caused by exposure to 
contaminants. 

CSFs were used to evaluate health risks associated 
with site-related contaminants.

Reference Doses (RfDs) To Be 
Considered

Guidance values used to evaluate the potential 
non-carcinogenic hazard caused by exposure to 
contaminants.  

RfDs were used to evaluate health risks associated 
with site-related contaminants.

EPA Health Advisories, 
Human Health Risk 
Assessment Guidance, and 
Ecological Risk Assessment 
Guidance

To Be 
Considered

These advisories and guidance documents 
provide guidance for developing health risk 
information and environmental assessments at 
Superfund sites.

Risk guidance documents were used to evaluate 
human health and ecological risks associated with 
site-related contaminants and to develop PRGs.



TABLE 4-10D
DETAILED ANALYSIS OF ALTERNATIVE GW-2

POND INTERCEPT WITH MONITORING AND INSTITUTIONAL CONTROLS
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

1. Overall Protection of Human Health and the Environment

Human Health Protection

The results of the baseline human health risk assessment indicate that there is unacceptable potential risk to human health 
resulting from future exposures to arsenic, benzene, trichloroethene (TCE), naphthalene, and/or 1,2-dichloroethane (DCA) in 
groundwater within the Northern Study Area by a construction worker, industrial worker, and car wash worker.  This alternative 
does not take action to contain, remove, or treat these contaminants; but protection of human health would be accomplished 
through the imposition of institutional controls on the impacted properties to prevent the withdrawal and use of groundwater.  The 
overall protection of human health that would be provided by this alternative would be limited to the extent that the institutional 
controls can be adequately enforced.  

Environmental Protection

The results of the baseline ecological risk assessment did not identify unacceptable risks to ecological receptors from exposure to 
groundwater.  However, the fate and transport evaluation for the Northern Study Area indicates that groundwater is providing a 
continuing source of contamination to sediment in the HBHA Pond, which contributes to unacceptable risks to benthic 
communities in the Pond.  Contaminants are believed to enter Pond sediments via groundwater discharges to the northern half of 
the eastern side of the HBHA Pond.  Since no actions would be taken to decrease contaminant concentrations in groundwater at 
the site, this alternative would not prevent the continued transport of contaminants into sediments that pose unacceptable 
ecological risks.

2. Compliance with ARARs

Chemical-Specific ARARs This alternative would comply with all of the pertinent chemical-specific ARARs that are identified on Table 4-10C beginning at the 
point of compliance, on the downstream side of the cofferdam.

Location-Specific ARARs This alternative would comply with all of the pertinent location-specific ARARs that are identified on Table 4-10B.

Action-Specific ARARs This alternative would comply with all of the pertinent action-specific ARARs that are identified on Table 4-10A.

Other Criteria, Advisories, and Guidance This alternative would comply with the PRGs for groundwater that were established based on human health and ecological risk 
assessment guidance, so long as the institutional controls are enforced.



TABLE 4-10D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE GW-2
POND INTERCEPT WITH MONITORING AND INSTITUTIONAL CONTROLS
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 4

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

3. Long-Term Effectiveness and Permanence

Magnitude of Residual Risk

The magnitude of residual human health risk that would result from the selection of this alternative would be moderate since no 
actions would be taken to contain or treat contaminated groundwater in the human health risk areas (see Figure 2-4), and the 
prevention of future exposures to contaminated groundwater would be dependent upon the enforcement of institutional controls.  
No actions would be taken to prevent discharges of contaminated groundwater to the HBHA Pond (which have been identified as 
a continuing source of sediment contamination related to ecological risk in the Pond), therefore residual ecological risks would 
remain in the HBHA Pond due, in part, from continued discharges of groundwater to the Pond.
Due to the fact that contaminants levels will remain at the site above levels which permit unlimited exposure and unrestricted use, 
five-year reviews would be required to periodically evaluate risks associated with on-site contamination until remediation goals are 
achieved.

Adequacy and Reliability of Controls

Institutional controls would be adequate to prevent future exposures to groundwater in the human health risk area.  Periodic 
inspections would be conducted to verify the effectiveness of the controls at preventing exposures to contaminated groundwater.  
Groundwater monitoring would be conducted to periodically evaluate contaminant migration patterns and to periodically address 
risks.
In order to ensure the long-term effectiveness of this alternative as it pertains to limiting the mobility of contaminants, it would 
need to be implemented along with an HBHA Pond alternative that provides measures to maintain the effectiveness of the 
chemocline that currently exists in the Pond.  Without this contaminant sequestering mechanism, groundwater that discharges to 
the Pond under this alternative would continue to provide a source of contaminants to sediment that ultimately would resuspend 
into the water column and migrate to downstream areas, potentially creating future risks at downstream locations.

4. Reduction of Toxicity, Mobility, and Volume Through Treatment

Treatment Process Used and Materials 
Treated

Contaminants (arsenic/benzene) would not be actively treated within the groundwater plume area under this alternative, but 
instead allowed to discharge to the HBHA Pond, where they would be removed from water column and sequestered in the 
sediments at the Pond bottom.

Amount of Hazardous Materials Destroyed or 
Treated

Most of the organic contaminants in groundwater (benzene) are believed to naturally biodegrade as groundwater discharges to 
the Pond.  Arsenic in groundwater that discharges to the Pond is removed from the water column through physical processes.  
Contaminant removal rates are sufficiently high that elevated concentrations of contaminants in surface water (i.e. those that 
present potential ecological risks) are isolated to a small portion of the Pond.
Contaminants that are not removed (through natural processes) from groundwater that discharges to the Pond are believed to be 
sequestered at the Pond bottom due to the presence of a chemocline located about halfway between the surface and bottom of 
the Pond.  This mechanism limits the mobility of contaminants so long as the chemocline is maintained.

Degree of Expected Reductions in Toxicity, 
Mobility, and Volume

The mobility of contaminants would be limited as long as the chemocline in the HBHA Pond is maintained.  The toxicity and 
volume of contaminants would be reduced to the extent that natural degradation is occurring.



TABLE 4-10D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE GW-2
POND INTERCEPT WITH MONITORING AND INSTITUTIONAL CONTROLS
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 3 OF 4

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

4. Reduction of Toxicity, Mobility, and Volume Through Treatment (cont.)

Degree to Which Treatment is Irreversible Biodegradation of organic contaminants is irreversible.  Removal of arsenic from groundwater through physical processes 
(diffusion, precipitation) is reversible since contaminants can be remobilized into the water column.

Type and Quantity of Residuals Remaining 
After Treatment

As contaminants are removed from groundwater that discharges to the HBHA Pond, they are believed to become part of the 
sediment load at the bottom of the Pond.  It is believed that if contaminated groundwater is allowed to discharge to the Pond, 
sediment will continue to accumulate at the Pond bottom.  Alternative HBHA-4 (Storm Water Bypass and Sediment Retention with 
Partial Dredging and Providing an Alternative Habitat) provides for the periodic dredging and off-site disposal of contaminated 
sediment that accumulates at the bottom of the Pond due to contaminated groundwater discharges to the Pond.

5. Short-Term Effectiveness

Protection of Community During Remedial 
Actions

No impacts to the community would result from this alternative since no on-site actions would be taken to contain or treat 
groundwater under this alternative.

Protection of Workers During Remedial 
Actions No impacts to workers would result from this alternative since no on-site actions would be taken.

Environmental Impacts No additional impacts to the environment would result from the implementation of this alternative.  Contaminated groundwater 
would continue to discharge to the HBHA Pond, transporting contaminants into sediments and surface water at the Pond bottom.

Time Until Remedial Action Objectives are 
Achieved

Remedial action objectives (RAOs) for the protection of human health would be achieved once institutional controls have been 
placed on the impacted properties.  
RAOs for the protection of the environment would be not be achieved by this alternative.  In order to achieve this RAO, this 
alternative would need to be implemented along with an alternative that provides an alternate habitat to compensate for the Pond 
habitat that would be lost due to continued discharges of groundwater.

6. Implementability

Ability to Construct and Operate the 
Technology

No construction difficulties or uncertainties would be encountered under this alternative since no construction activities would be 
required.

Reliability of the Technology

Extensive study has been performed to verify the presence of physical, chemical, and biological processes that are responsible 
for the removal of contaminants from groundwater that discharges to the Pond.  Provided that the existing conditions in the Pond 
are able to be maintained, these processes would be reliable to remove contaminants from groundwater, sequester them at the 
Pond bottom, and limit their mobility.

Ease of Undertaking Additional Remedial 
Actions, if Necessary Additional remedial actions could be taken if necessary.



TABLE 4-10D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE GW-2
POND INTERCEPT WITH MONITORING AND INSTITUTIONAL CONTROLS
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 4 OF 4

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

6. Implementability (cont.)

Ability to Monitor Effectiveness of Remedy
Monitoring could be used to evaluate the degree of natural degradation that is occurring in groundwater.  Periodic inspections 
would be conducted to verify the effectiveness of institutional controls at preventing groundwater uses that might result in 
unacceptable human health risk.

Ability to Obtain Approvals from Other 
Agencies Approvals from other agencies would not be required to implement this alternative.

Coordination with Other Agencies Coordination with other agencies would not be required to implement this alternative.

Availability of Off-Site Treatment, Storage, and 
Disposal Services and Capacity No off-site treatment, storage, and disposal would be required under this alternative.

Availability of Necessary Equipment and 
Specialists The technical specialists required to adequately monitor and assess the effectiveness of this alternative would be available.

Availability of Prospective Technologies No technologies are required for this alternative.

7. Cost

Capital Costs $432,000

Operations and Maintenance Costs $410,000/year -Years 1-5; 205,000/year Years 6-30

Present Worth Costs $3,918,000



TABLE 4-11A
ALTERNATIVE GW-3 (PLUME INTERCEPT BY GROUNDWATER EXTRACTION, TREATMENT,

AND DISCHARGE AND MONITORING WITH INSTITUTIONAL CONTROLS)
ACTION-SPECIFIC ARARs

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

Federal 
Regulatory 
Requirements

Statement of 
Procedures on Wetlands 
Protection, 40 CFR Part 
6, App. A, Exec. Order 
11990 (1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever possible, the 
long and short term impacts associated with the 
destruction of wetlands, and wetlands development 
wherever there is a practicable alternative in 
accordance with Executive Order 11990.  

Will be attained.  There is no practicable alternative method 
to work within a wetland buffer zone with less adverse 
impact and all practicable measures would be taken to 
minimize and mitigate any adverse impacts.   Erosion and 
sedimentation control measures would be adopted during 
construction and restoration activities.

Executive Order for 
Floodplain Management
Exec. Order 11988 
(1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the risk of 
flood loss, minimize impact of floods, and restore and 
preserve the natural and beneficial values of 
floodplains.

Will be attained.  There is no practical alternative method to 
work in floodplains with less adverse impact and all 
practicable measures would be taken to minimize and 
mitigate any adverse impacts.  Erosion and sedimentation 
control measures would be adopted during construction and 
restoration activities.

RCRA – Groundwater 
Monitoring (40 CFR 264, 
Subpart F)

Relevant and 
Appropriate

This regulation details the requirements for 
groundwater monitoring and responding to releases 
from solid waste management units.

GW-3 would comply with this ARAR. Groundwater 
monitoring would be required to evaluate the performance of 
the extraction and treatment system and to monitor 
contaminant migration patterns within and beyond the 
treatment zone.

State Regulatory 
Requirements

Massachusetts 
Wetlands Protection Act 
and Regulations,
MGL c. 131 § 40
310 CMR 10.00

Applicable Regulations restrict dredging, filling, altering, or 
polluting inland wetland resource areas and impose 
performance standards for work in such areas.  
Protected resource areas include: 10.54 (Bank); 
10.55 (Bordering Vegetated Wetlands); 10.56 (Land 
under Water); 10.57 (Bordering Land subject to 
Flooding); and 10.58 (Riverfront Area).

Will be attained because there is no practicable alternative 
method that would be less damaging to resource areas and
all practical measures will be taken to minimize adverse 
impacts to wetlands.



TABLE 4-11B
ALTERNATIVE GW-3 (PLUME INTERCEPT BY GROUNDWATER EXTRACTION, TREATMENT,

AND DISCHARGE AND MONITORING WITH INSTITUTIONAL CONTROLS)
LOCATION-SPECIFIC ARARs

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Statement of Procedures on 
Wetlands Protection, 40 CFR 
Part 6, App. A, Exec. Order 
11990 (1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever possible, the 
long and short term impacts associated with the 
destruction of wetlands, and wetlands development 
wherever there is a practicable alternative in 
accordance with Executive Order 11990.  

Will be attained.  There is no practicable alternative 
method to work within a wetland buffer zone with 
less adverse impact and all practicable measures 
would be taken to minimize and mitigate any 
adverse impacts.  Erosion and sedimentation control 
measures would be adopted during construction 
and restoration activities.

Executive Order for 
Floodplain Management
Exec. Order 11988 (1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the risk of 
flood loss, minimize impact of floods, and restore 
and preserve the natural and beneficial values of 
floodplains.

Will be attained.  There is no practical alternative
method to work in floodplains with less adverse 
impact and all practicable measures would be taken 
to minimize and mitigate any adverse impacts.  
Erosion and sedimentation control measures would
be adopted during construction and restoration 
activities.

Federal 
Regulatory 
Requirements

RCRA Floodplain Restrictions 
for Hazardous Waste 
Facilities 
(40 CFR 264.18(b))

Relevant and 
Appropriate

A hazardous waste treatment, storage, or disposal 
facility located in a 100-year floodplain must be 
designed, constructed, operated, and maintained to 
prevent washout or to result in no adverse effects on 
human health or the environment if washout were to 
occur.

The design specifications and required construction 
procedures would ensure that Alternative GW-3 will 
comply with this ARAR for all areas within the 100-
year floodplain.

State Regulatory 
Requirements

Massachusetts Wetlands 
Protection Act and 
Regulations,
MGL c. 131 § 40
310 CMR 10.00

Applicable Regulations restrict dredging, filling, altering, or 
polluting inland wetland resource areas and impose 
performance standards for work in such areas.  
Protected resource areas include: 10.54 (Bank); 
10.55 (Bordering Vegetated Wetlands); 10.56 (Land 
under Water); 10.57 (Bordering Land subject to 
Flooding); and 10.58 (Riverfront Area).

The design specifications and required construction 
procedures would ensure that Alternative GW-3 will 
comply with this ARAR for all work areas within the 
100-foot buffer zone of a wetland to minimize 
impacts to wetlands and mitigate if necessary.
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ALTERNATIVE GW-3 (PLUME INTERCEPT BY GROUNDWATER EXTRACTION, TREATMENT, 
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CHEMICAL-SPECIFIC ARARs
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AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements 

National Pollution 
Discharge Elimination 
System (NPDES)
(40 CFR 122)

Relevant and 
Appropriate

Regulates the discharge of water into public surface 
waters.  Major requirements include the following:
 Use of best available technology economically 

achievable is required to control toxic and non-
conventional pollutants.  Use of best conventional 
pollutant control technology is required to control 
conventional pollutants.  Technology-based 
limitations may be determined on a case-by-case 
basis.

 Applicable federally-approved state water quality 
standards must be complied with.  These standards 
may be in addition to or more stringent than other 
federal standards under the CWA.

Will be attained.  Alternative GW-3 would comply with 
this ARAR.  Design of the treatment system would 
ensure that treated groundwater would comply with 
these standards.

Clean Water Act, Ambient 
Water Quality Criteria, 33 
U.S.C. § 1314, 40 CFR 
131.36(b)(1)

Relevant and 
Appropriate

National recommended criteria for surface water quality.
Arsenic Criteria:
For protection of freshwater aquatic life due to chronic 
exposure:  190  ug/L 

Will be attained.  Alternative GW-3 would comply with 
this ARAR. Design of the treatment system would 
ensure that treated groundwater would comply with 
these standards.

State
Regulatory 
Requirements

Massachusetts Surface 
Water Quality Standards 
314 CMR 4.05(5)(e)

Relevant and 
Appropriate

Establishes federal water quality criteria as allowable 
water quality concentrations. Allows for site-specific 
criteria where federal criteria are invalid due to site-
specific characteristics.

Will be attained.  Alternative GW-3 would comply with 
this ARAR. Design of the treatment system would 
ensure that treated groundwater would comply with 
these standards.

Massachusetts Ground 
Water Discharge Permit 
Program (314 CMR 5.00)

Relevant and 
Appropriate

Groundwater discharges shall not result in a violation of 
Massachusetts Surface Water Quality Standards (314 
CMR 4.00) or Massachusetts Ground Water Quality 
Standards (314 CMR 6.00).

Will be attained.  Alternative GW-3 would comply with 
this ARAR. Design of the treatment system would 
ensure that treated groundwater would comply with 
these standards.

Massachusetts Ambient Air 
Quality Standards (310 
CMR 6.0) and 
Massachusetts Air Pollution 
Control Regulations 
(310 CMR 7.00)

Applicable This regulation also contains standards for fugitive 
emissions, dust, and particulates during construction.

The design specifications and required construction 
procedures will ensure that Alternative GW-3 would
comply with this ARAR to minimize fugitive dust and 
particulate emissions during construction.
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AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Cancer Slope Factors 
(CSFs)

To Be 
Considered

Guidance values used to evaluate the potential 
carcinogenic risk caused by exposure to contaminants. 

CSFs were used to evaluate health risks associated 
with site-related contaminants.

Criteria, 
Advisories, 
and Guidance Reference Doses (RfDs) To Be 

Considered
Guidance values used to evaluate the potential non-
carcinogenic hazard caused by exposure to 
contaminants.  

RfDs were used to evaluate health risks associated with 
site-related contaminants.

EPA Health Advisories, 
Human Health Risk 
Assessment Guidance, and 
Ecological Risk Assessment 
Guidance

To Be 
Considered

These advisories and guidance documents provide 
guidance for developing health risk information and 
environmental assessments at Superfund sites.

Risk guidance documents were used to evaluate 
human health and ecological risks associated with site-
related contaminants and to develop PRGs.
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EVALUATION CRITERIA DETAILED ANALYSIS

1. Overall Protection of Human Health and the Environment

Human Health Protection

The results of the baseline human health risk assessment indicate that there is unacceptable potential risk to human health 
resulting from future exposures to arsenic, benzene, trichloroethene (TCE), and/or 1,2-dichloroethane (DCA) in groundwater 
within the Northern Study Area by a construction worker, industrial worker, and car wash worker.  This alternative would include 
the extraction of groundwater from the human health risk area (Figure 2-4), treatment of groundwater to remove organic and 
inorganic contaminants, and discharge of treatment system effluent back to the environment.
Due to the presence of arsenic in soils located throughout the Northern Study Area, arsenic in groundwater would be expected to 
be persistent and extraction/treatment of groundwater would not be expected to reduce contaminant levels to below the 
remediation goals in the foreseeable future.  Therefore, the protection of human health that would be provided by this alternative 
would result from the imposition of institutional controls that are placed on properties located within the contaminated area (Figure 
2-4) to regulate or prohibit groundwater uses that might present hazardous exposures.  As a result, the overall protection of 
human health that would be provided by this alternative would be limited to the extent that these institutional controls can be 
adequately enforced.  

Environmental Protection

The results of the baseline ecological risk assessment did not identify unacceptable risks to ecological receptors from exposure to 
groundwater.  However, the fate and transport evaluation for the Northern Study Area indicates that groundwater is providing a 
continuing source of contamination to sediment in the HBHA Pond, which contributes to unacceptable risks to benthic 
communities in the Pond.  Contaminants are believed to enter Pond sediments via groundwater discharges to the northern half of 
the eastern side of the HBHA Pond.  Under this alternative, groundwater that flows toward the Pond, and ultimately discharges 
into the Pond, would be intercepted by the extraction well network and treated to remove contaminants.  By decreasing the 
volume of contaminants discharging to the Pond, this alternative would protect ecological receptors in the HBHA Pond by 
preventing further degradation in sediment and surface water quality in the Pond.

2. Compliance with ARARs

Chemical-Specific ARARs This alternative would comply with chemical-specific ARARs that are identified on Table 4-11C.

Location-Specific ARARs This alternative would comply with all of the pertinent location-specific ARARs that are identified on Table 4-11B.

Action-Specific ARARs This alternative would comply with all of the pertinent action-specific ARARs that are identified on Table 4-11A.

Other Criteria, Advisories, and Guidance This alternative would comply with the PRGs for groundwater that were established based on human health and ecological risk 
assessment guidance, so long as the institutional controls are enforced.
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EVALUATION CRITERIA DETAILED ANALYSIS

3. Long-Term Effectiveness and Permanence

Magnitude of Residual Risk

The magnitude of residual human health risk that would result from the selection of this alternative would be moderate since 
contaminant levels in the human health risk area would not be expected to decrease sufficiently to allow for unrestricted use of 
groundwater.  Therefore, human health protection would be dependent upon the enforcement of institutional controls to prevent 
groundwater uses that would result in unacceptable human health risks.
This alternative would prevent the discharge of contaminated groundwater into the HBHA Pond, which would eliminate an existing 
source of contaminants to sediment and surface water that presents ecological risk to benthic communities in the Pond.  
However, unless a remedial alternative is implemented in the HBHA Pond to reduce or eliminate contaminants in sediment and 
surface water, residual ecological risks would remain in the Pond.
Due to the fact that contaminants levels will remain at the site above levels which permit unlimited exposure and unrestricted use, 
five-year reviews would be required to periodically evaluate risks associated with on-site contamination until remediation goals are 
achieved. 

Adequacy and Reliability of Controls

The ex-situ treatment technologies that would be used to decrease concentrations of contaminants in groundwater would be able 
to meet the required process efficiencies and performance specifications.
Long-term management of the treatment system components would be required, which would require considerable effort.  
Operations and maintenance would include daily process control activities, maintenance of extraction wells and treatment 
equipment, periodic system inspections to perform preventative maintenance, change-out or regeneration of treatment media, 
and process water sampling to verify treatment system effectiveness.  Long-term monitoring of groundwater would be required to 
periodically evaluate contaminant levels in the aquifer and to verify the effectiveness of the extraction and treatment systems.
Technical components may need to be periodically replaced, but replacement of technical components would not likely create 
unacceptable threats or risks.  
Institutional controls would be imposed on properties within the contaminated groundwater plume to prevent exposures to 
contaminated groundwater during the treatment period.

4. Reduction of Toxicity, Mobility, and Volume Through Treatment

Treatment Process Used and Materials 
Treated

The treatment processes that would be employed would address the principal threats (arsenic, benzene, toluene, TCE, 
naphthalene and 1,2-DCA).

Amount of Hazardous Materials Destroyed or 
Treated

Influent groundwater to the ex-situ treatment system would be treated to remove contaminants so that effluent contains 
concentrations of contaminants that are below remediation goals.

Degree of Expected Reductions in Toxicity, 
Mobility, and Volume

The toxicity, mobility, and volume of contaminants in groundwater would be reduced under this alternative to levels that 
correspond to human health risks within an acceptable risk range.
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4. Reduction of Toxicity, Mobility, and Volume Through Treatment (cont.)

Degree to Which Treatment is Irreversible Groundwater treatment would be irreversible.  Contaminants would be permanently removed from the aqueous waste stream.

Type and Quantity of Residuals Remaining 
After Treatment

Residual concentrations of contaminants would remain in treated groundwater, but at levels below remediation goals.  This water 
would be discharged to the environment.

5. Short-Term Effectiveness

Protection of Community During Remedial 
Actions

Potential risks to the community during implementation include exposure to contaminants during well installation, pipe installation, 
or building construction.  These risks would be addressed through the use of conventional health and safety procedures, 
decontamination procedures to prevent the spread of contaminants, and other engineering controls designed to prevent physical 
hazards associated with construction.  There would be no risks that could not be adequately controlled using some type of 
engineering control.

Protection of Workers During Remedial 
Actions

Risks to workers that would be addressed during implementation include potential exposure to contaminants during construction 
of the extraction and treatment system.  These risks would be adequately controlled through the use of health and safety and 
decontamination procedures.  Physical hazards associated with construction activities would be adequately controlled using 
engineering controls.

Environmental Impacts No adverse impacts to the environment would result from the implementation of this alternative.

Time Until Remedial Action Objectives are 
Achieved

Remedial action objectives for the protection of human health would be achieved through the implementation of institutional 
controls on the properties where potential future risks were identified by preventing activities that would present risks from future 
exposures to groundwater.  This could be accomplished shortly after selection of the remedy.
The remedial action objectives for the protection of the environment would be achieved as soon as the groundwater 
extraction/treatment system is constructed and is shown to be intercepting contaminated groundwater before it discharges to the 
HBHA Pond.  Construction of the groundwater extraction/treatment system would take approximately six months to complete.
Site-wide groundwater contaminant concentrations would not likely be reduced to the remediation goals within the foreseeable 
future, since no source control would be conducted and continuing sources of arsenic contamination to groundwater will remain at 
the site.
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6. Implementability

Ability to Construct and Operate the 
Technology

Some difficulties may be encountered during construction, including the installation of pipes below the railroad tracks located to 
the west of the HBHA Pond where sensitive utility pipelines are present and the water table is located within 2 feet of the ground 
surface.  However, construction of an extraction system adequate to contain and capture the groundwater contamination plume 
would ultimately be feasible.

Reliability of the Technology Groundwater extraction and treatment is a well-developed technology, and significant delays are not likely to result from technical 
problems during construction.  

Ease of Undertaking Additional Remedial 
Actions, if Necessary No future remedial actions would be anticipated.  If necessary, additional remedial actions could be taken without difficulty.

Ability to Monitor Effectiveness of Remedy
Process monitoring and groundwater monitoring could be used to evaluate the effectiveness of the remedy.  Surface water and 
sediment monitoring would be performed under other remedial actions at the site.  There would be no exposure pathways that 
could not be adequately monitored.

Ability to Obtain Approvals from Other 
Agencies Approvals from other agencies would not be required to implement this alternative.

Coordination with Other Agencies Coordination with other agencies would not be required to implement this alternative.

Availability of Off-Site Treatment, Storage, and 
Disposal Services and Capacity

Off-site treatment and/or disposal would be required for sludges that accumulate in the clarifier.  Off-site treatment and/or disposal 
capacity for the anticipated volume of material would be available.

Availability of Necessary Equipment and 
Specialists The equipment and technical specialists required to implement this alternative would be readily available from several sources.

Availability of Prospective Technologies The technologies that are under consideration are generally available and sufficiently demonstrated for groundwater treatment.  
These technologies are currently available for full-scale use.

7. Cost

Capital Costs $4,739,000

Operations and Maintenance Costs $1,297,000/year (Years 1 and 2)
$1,040,000/year (Years 3 through 30)

Present Worth Costs $19,137,000
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AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

Federal 
Regulatory 
Requirements

Statement of Procedures on 
Wetlands Protection, 40 
CFR Part 6, App. A, Exec. 
Order 11990 (1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever 
possible, the long and short term impacts 
associated with the destruction of wetlands, 
and wetlands development wherever there is a 
practicable alternative in accordance with 
Executive Order 11990.  

Will be attained.  There is no practicable alternative method 
to work within a wetland buffer zone with less adverse impact 
and all practicable measures would be taken to minimize and 
mitigate any adverse impacts.   Erosion and sedimentation 
control measures would be adopted during construction and 
restoration activities.

Executive Order for 
Floodplain Management
Exec. Order 11988 (1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the 
risk of flood loss, minimize impact of floods, 
and restore and preserve the natural and 
beneficial values of floodplains.

Will be attained.  There is no practical alternative method to 
work in floodplains with less adverse impact and all 
practicable measures would be taken to minimize and 
mitigate any adverse impacts.  Erosion and sedimentation 
control measures would be adopted during construction and 
restoration activities.

RCRA – Groundwater 
Monitoring
(40 CFR 264, Subpart F)

Relevant and 
Appropriate

This regulation details the requirements for 
groundwater monitoring and responding to 
releases from solid waste management units.

GW-4 would comply with this ARAR. Groundwater 
monitoring would be required to evaluate the performance of 
in-situ groundwater technologies and contaminant migration 
into HBHA Pond.

State Regulatory 
Requirements

Massachusetts Wetlands 
Protection Act and 
Regulations,
MGL c. 131 § 40
310 CMR 10.00

Applicable Regulations restrict dredging, filling, altering, 
or polluting inland wetland resource areas and 
impose performance standards for work in 
such areas.  Protected resource areas 
include: 10.54 (Bank); 10.55 (Bordering 
Vegetated Wetlands); 10.56 (Land under 
Water); 10.57 (Bordering Land subject to 
Flooding); and 10.58 (Riverfront Area).

Will be attained because there is no practicable alternative 
method that would be less damaging to resource areas and
all practical measures would be taken to minimize adverse 
impacts to wetlands.
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AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Statement of Procedures on 
Wetlands Protection, 40 CFR 
Part 6, App. A, Exec. Order 
11990 (1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever possible, 
the long and short term impacts associated with 
the destruction of wetlands, and wetlands 
development wherever there is a practicable 
alternative in accordance with Executive Order 
11990.  

Will be attained.  There is no practicable 
alternative method to work within a wetland buffer 
zone with less adverse impact and all practicable 
measures would be taken to minimize and 
mitigate any adverse impacts.   Erosion and 
sedimentation control measures would be 
adopted during construction and restoration 
activities.

Executive Order for 
Floodplain Management
Exec. Order 11988 (1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the risk of 
flood loss, minimize impact of floods, and restore 
and preserve the natural and beneficial values of 
floodplains.

Will be attained.  There is no practical alternative 
method to work in floodplains with less adverse 
impact and all practicable measures would be 
taken to minimize and mitigate any adverse 
impacts.  Erosion and sedimentation control 
measures would be adopted during construction 
and restoration activities.

Federal 
Regulatory 
Requirements

RCRA Floodplain Restrictions 
for Hazardous Waste 
Facilities 
(40 CFR 264.18(b))

Relevant and 
Appropriate

A hazardous waste treatment, storage, or disposal 
facility located in a 100-year floodplain must be 
designed, constructed, operated, and maintained 
to prevent washout or to result in no adverse 
effects on human health or the environment if 
washout were to occur.

The design specifications and required 
construction procedures would ensure that 
Alternative GW-4 will comply with this ARAR for 
all areas within the 100-year floodplain.

State Regulatory 
Requirements

Massachusetts Wetlands 
Protection Act and 
Regulations, MGL c. 131 § 40
310 CMR 10.00

Applicable
Regulations restrict dredging, filling, altering, or 
polluting inland wetland resource areas and 
impose performance standards for work in such 
areas.  Protected resource areas include: 10.54 
(Bank); 10.55 (Bordering Vegetated Wetlands); 
10.56 (Land under Water); 10.57 (Bordering Land 
subject to Flooding); and 10.58 (Riverfront Area).

The design specifications and required 
construction procedures would ensure that 
Alternative GW-4 will comply with this ARAR for 
all work areas within the 100-foot buffer zone of a 
wetland to minimize impacts to wetlands and 
mitigate if necessary.
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AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements 

National Pollution Discharge 
Elimination System (NPDES)
(40 CFR 122)

Relevant and 
Appropriate

Regulates the discharge of water into public surface 
waters.  Major requirements include the following:
 Use of best available technology economically 

achievable is required to control toxic and non-
conventional pollutants.  Use of best conventional 
pollutant control technology is required to control 
conventional pollutants.  Technology-based 
limitations may be determined on a case-by-case 
basis.

 Applicable federally-approved state water quality 
standards must be complied with.  These 
standards may be in addition to or more stringent 
than other federal standards under the CWA.

Will be attained.  Alternative GW-4 would comply 
with this ARAR. Design of the treatment system 
would ensure that treated groundwater would 
comply with these standards.

Clean Water Act, Ambient 
Water Quality Criteria, 33 
U.S.C. § 1314, 40 CFR 
131.36(b)(1)

Relevant and 
Appropriate

National recommended criteria for surface water 
quality.
Arsenic Criteria:
For protection of freshwater aquatic life due to chronic 
exposure:  190  ug/L 

Will be attained.  Alternative GW-4 would comply 
with this ARAR. Design of the treatment system 
would ensure that treated groundwater would 
comply with these standards.

State 
Regulatory 
Requirements

Massachusetts Surface Water 
Quality Standards 314 CMR 
4.05(5)(e)

Relevant and 
Appropriate

Establishes federal water quality criteria as allowable 
water quality concentrations. Allows for site-specific 
criteria where federal criteria are invalid due to site-
specific characteristics.

Will be attained.  Alternative GW-4 would comply 
with this ARAR. Design of the treatment system 
would ensure that treated groundwater would 
comply with these standards.

Massachusetts Ground Water 
Discharge Permit Program (314 
CMR 5.00)

Relevant and 
Appropriate

Groundwater discharges shall not result in a violation 
of Massachusetts Surface Water Quality Standards 
(314 CMR 4.00) or Massachusetts Ground Water 
Quality Standards (314 CMR 6.00).

Will be attained.  Alternative GW-4 would comply 
with this ARAR. Design of the treatment system 
would ensure that treated groundwater would 
comply with these standards.

Massachusetts Groundwater 
Quality Standards
(314 CMR 6.00)

Applicable These standards designate and assign uses for which 
groundwater in the Commonwealth shall be managed 
and protected, and set forth water quality criteria 
necessary to maintain the designated areas.

Will be attained.  Alternative GW-4 will provide in 
situ treatment of organic contamination to the north 
of the West Hide Pile until these standards are 
achieved.
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REQUIREMENT

State 
Regulatory 
Requirements
(cont.)

Massachusetts Ambient Air 
Quality Standards (310 CMR 
6.0) and Massachusetts Air 
Pollution Control Regulations 
(310 CMR 7.00)

Applicable This regulation also contains standards for fugitive 
emissions, dust, and particulates during construction.

The design specifications and required construction 
procedures will ensure that GW-4 will comply with 
this ARAR to minimize fugitive dust and particulate 
emissions during construction.

Cancer Slope Factors (CSFs) To Be 
Considered

Guidance values used to evaluate the potential 
carcinogenic risk caused by exposure to contaminants. 

CSFs were used to evaluate health risks associated 
with site-related contaminants.

Criteria, 
Advisories, 
and Guidance Reference Doses (RfDs) To Be 

Considered
Guidance values used to evaluate the potential non-
carcinogenic hazard caused by exposure to 
contaminants.  

RfDs were used to evaluate health risks associated 
with site-related contaminants.

EPA Health Advisories, Human 
Health Risk Assessment 
Guidance, and Ecological Risk 
Assessment Guidance

To Be 
Considered

These advisories and guidance documents provide 
guidance for developing health risk information and 
environmental assessments at Superfund sites.

Risk guidance documents were used to evaluate 
human health and ecological risks associated with 
site-related contaminants and to develop PRGs.
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1. Overall Protection of Human Health and the Environment

Human Health Protection

The results of the baseline human health risk assessment indicate that there is unacceptable potential risk to human health 
resulting from future exposures to arsenic, benzene, trichloroethene (TCE), and/or 1,2-dichloroethane (DCA) in groundwater 
within the Northern Study Area by a construction worker, industrial worker, and car wash worker.  This alternative would protect 
human health by treating groundwater to destroy organic contaminants (enhanced bioremediation) and by imposing institutional 
controls on properties located within the groundwater contamination area to prevent future exposures that would present 
unacceptable human health risks.  
Potential human health risks due to exposure to arsenic in groundwater would not be mitigated by this alternative, since treatment 
for arsenic would only occur within the permeable reactive barrier.  Groundwater located upgradient from the barrier would not be 
remediated, and protection of human health in these areas would be dependent upon adequate enforcement of institutional 
controls designed to prevent exposure to contaminated groundwater.

Environmental Protection

The results of the baseline ecological risk assessment did not identify unacceptable risks to ecological receptors from exposure to 
groundwater.  However, the fate and transport evaluation for the Northern Study Area indicates that groundwater is providing a 
continuing source of contamination to sediment in the HBHA Pond, which contributes to unacceptable risks to benthic 
communities in the Pond.  Contaminants are believed to enter Pond sediments via groundwater discharges to the northern half of 
the eastern side of the HBHA Pond.
Under this alternative, groundwater that flows toward the Pond, and ultimately discharges into the Pond, would be treated using 
in-situ treatment technologies (permeable reactive barrier and enhanced bioremediation) prior to discharge to the Pond, therefore 
reducing the contaminant load that discharges to the Pond.

2. Compliance with ARARs

Chemical-Specific ARARs This alternative would comply with the chemical-specific ARARs that are identified on Table 4-12C.

Location-Specific ARARs This alternative would comply with all of the pertinent location-specific ARARs that are identified on Table 4-11B.

Action-Specific ARARs This alternative would comply with all of the pertinent action-specific ARARs that are identified on Table 4-11A.

Other Criteria, Advisories, and Guidance This alternative will comply with the PRGs for groundwater that were established based on human health and ecological risk 
assessment guidance, so long as the institutional controls are enforced.
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3. Long-Term Effectiveness and Permanence

Magnitude of Residual Risk

The magnitude of residual human health risk that would result from the selection of this alternative would be moderate since 
contaminant levels in the human health risk area would not be expected to decrease sufficiently to allow for unrestricted use of 
groundwater (arsenic would not be treated in this area).  Therefore, human health protection would be dependent upon the 
enforcement of institutional controls to prevent future exposures to groundwater that would result in unacceptable human health 
risks.
This alternative would prevent the discharge of contaminated groundwater into the HBHA Pond, which would eliminate an existing 
source of contaminants to sediment and surface water that presents ecological risk to benthic communities in the Pond.  
However, unless a remedial alternative is implemented in the HBHA Pond to reduce or eliminate contaminants in sediment and 
surface water, residual ecological risks would remain in the Pond.
Due to the fact that contaminants levels will remain at the site above levels which permit unlimited exposure and unrestricted use, 
five-year reviews would be required to periodically evaluate risks associated with on-site contamination until remediation goals are 
achieved. 

Adequacy and Reliability of Controls

Long-term management of the reactive barrier would be required, which would require considerable effort.  Operations and 
maintenance for in-situ treatment would include periodic changeout of reactive media in the barrier, and potentially additional 
subsurface injections of oxidant if it is determined to be required to meet remediation goals.
Long-term monitoring of groundwater would be required to periodically evaluate contaminant levels in the aquifer and to evaluate 
progress toward meeting remedial objectives.

Adequacy and Reliability of Controls
               (continued)

Technical components, such as treatment media in the reactive barrier, may need to be periodically replaced if it becomes 
clogged or fouled.  Replacement of technical components would not likely create unacceptable threats or risks.
Institutional controls would be imposed on properties within the contaminated groundwater plume to prevent exposures to 
contaminated groundwater.  These controls would be adequate and reliable to prevent hazardous exposures to groundwater.

4. Reduction of Toxicity, Mobility, and Volume Through Treatment

Treatment Process Used and Materials 
Treated

The treatment processes that would be employed would address the principal threats (arsenic, benzene, toluene, TCE, 
naphthalene, and 1,2-DCA).  Enhanced bioremediation through the injection of an oxygen-producing slurry would be utilized to 
promote biodegradation of organic contaminants in the benzene/toluene source areas (near Atlantic Avenue and below the West 
Hide Pile).  A permeable reactive barrier would be utilized to intercept groundwater prior to discharge into the HBHA Pond and 
remove arsenic from groundwater.

Amount of Hazardous Materials Destroyed or 
Treated

Groundwater would be treated to destroy or treat contaminants with the goal of decreasing their concentrations to levels that are 
below remediation goals.
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4. Reduction of Toxicity, Mobility, and Volume Through Treatment (cont.)

Degree of Expected Reductions in Toxicity, 
Mobility, and Volume The toxicity, mobility, and volume of organic and inorganic contaminants in groundwater would be reduced under this alternative.  

Degree to Which Treatment is Irreversible
Enhanced bioremediation would be irreversible, since organic contaminants would be destroyed or converted into non-toxic 
residuals.  Treatment of arsenic-contaminated groundwater using a permeable reactive barrier may be reversible since arsenic is 
not destroyed, but converted into a less toxic form that is not removed from the environment.

Type and Quantity of Residuals Remaining 
After Treatment

Residual concentrations of contaminants would remain in groundwater during the implementation of the alternative.  Arsenic in 
groundwater located upgradient from the reactive barrier would not be treated, therefore high levels of residual contamination 
would remain.

5. Short-Term Effectiveness

Protection of Community During Remedial 
Actions

Potential risks to the community during implementation include exposure to contaminants during construction.  These risks would 
be addressed through the use of conventional health and safety procedures and decontamination procedures to prevent the 
spread of contaminants.  There would be no risks that could not be adequately controlled using some type of engineering control.

Protection of Workers During Remedial 
Actions

Risks to workers that would be addressed during implementation include potential exposure to contaminants during construction 
of the barrier or installation of oxygen injection points.  These risks would be adequately controlled through the use of health and 
safety and decontamination procedures.  Physical hazards associated with construction activities would be adequately controlled 
using engineering controls.

Environmental Impacts
Environmental impacts from the implementation of in-situ groundwater technologies would be expected to be minimal.  The 
construction of the barrier would occur within the 100-year floodplain, and measures would need to be taken to minimize impacts 
from construction in the floodplain.

Time Until Remedial Action Objectives are 
Achieved

Remedial action objectives for the protection of human health will be achieved through the imposition of institutional controls on 
the properties where potential future exposures to contaminated groundwater were identified.  This could be accomplished shortly 
after remedy selection.  
Achievement of RAOs for the protection of human health would be contingent on the enforcement of institutional controls, since 
the in-situ treatment process (PRB) proposed under this alternative for the treatment of arsenic would not be capable of reducing 
concentrations of arsenic in groundwater in the areas where potential future risks were identified.
Remedial action objectives for the protection of the environment would be achieved to the extent that in-situ oxidation treatment 
for the removal of benzene in groundwater is effective to reduce benzene concentrations in groundwater that discharges to the 
HBHA Pond.  The PRB would prevent arsenic transport into the Pond via groundwater discharges, but would not prevent the
transport of organic contaminants into the Pond via groundwater discharge.
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6. Implementability

Ability to Construct and Operate the 
Technology

Some uncertainty exists as to the potential effectiveness of an in-situ treatment technology that relies upon a liquid delivery 
system (i.e. in-situ enhanced bioremediation) to treat groundwater.  The ability to apply the reagent to the subsurface in a manner 
that permits adequate contact with the entire volume of contaminated groundwater to achieve treatment goals is uncertain.
Construction uncertainties exist with the installation of a PRB of the size required to intercept contaminated groundwater before it 
discharges to the HBHA Pond.  Technologies have been developed that enable the construction of PRBs to the depth required, 
but these technologies are not routine.

Reliability of the Technology

There is some question as to the effectiveness of a PRB at the Site given the groundwater chemistry (high dissolved organic 
carbon, high dissolved solids) at the Site.  These characteristics have been shown to adversely impact the performance of ZVI-
based PRBs.
Technical problems associated with the ability to treat benzene contamination using an in-situ reagent delivery system may lead 
to schedule delays.

Ease of Undertaking Additional Remedial 
Actions, if Necessary

Additional remedial actions could be undertaken, if necessary, but the presence of a reactive barrier could complicate future 
remedial efforts, particularly if they require removal of the barrier to perform remedial actions.

Ability to Monitor Effectiveness of Remedy No exposure pathways would exist that could not be adequately monitored.

Ability to Obtain Approvals from Other 
Agencies No approvals from other agencies would be required to implement this alternative.

Coordination with Other Agencies Coordination with other agencies would not be required to implement this alternative.

Availability of Off-Site Treatment, Storage, and 
Disposal Services and Capacity No off-site treatment, storage, and disposal would be required under this alternative.

Availability of Necessary Equipment and 
Specialists

The equipment and technical specialists required to design and construct a permeable reactive barrier would be limited.
The equipment and technical specialists required to design and implement an enhanced bioremediation remedial action would be 
available from several sources.

Availability of Prospective Technologies The technologies that are under consideration are generally available and sufficiently demonstrated for groundwater treatment.  
These technologies are currently available for full-scale use.
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7. Cost

Capital Costs $13,089,000

Operations and Maintenance Costs $444,000/year (Years 1 through 5)
$222,000/year (Years 6 through 30)

Present Worth Costs $17,792,000



TABLE 4-13A
ALTERNATIVE HBHA-1 (NO ACTION) - ACTION-SPECIFIC ARARs

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

NA None NA There are no action-specific ARARs for 
Alternative HBHA-1. 

No action would be taken under alternative HBHA-1 
that would invoke an action-specific ARAR.



TABLE 4-13B
ALTERNATIVE HBHA-1 (NO ACTION) - LOCATION-SPECIFIC ARARs

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

NA None NA There are no location-specific ARARs for 
Alternative HBHA-1. 

No action would be taken under Alternative HBHA-
1 that would invoke a location-specific ARAR.



TABLE 4-13C
ALTERNATIVE HBHA-1 (NO ACTION) - CHEMICAL-SPECIFIC ARARs

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF          Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements

Clean Water Act, Ambient 
Water Quality Criteria, 33 
U.S.C. § 1314, 40 CFR 
131.36(b)(1)

Relevant and 
Appropriate

National recommended criteria for surface water 
quality. For protection of freshwater aquatic life 
due to chronic exposure:  
Arsenic Criteria: 190  ug/L 
Benzene: 46 ug/L

Since no actions will be taken, the NRWQC for 
arsenic, benzene, and other site-related constituents 
would be not be attained.  Contaminated sediments 
would continue to degrade surface water quality.

State Regulatory 
Requirements

Massachusetts Surface Water 
Quality Standards 314 CMR 
4.05(5)(e)

Applicable Establishes federal water quality criteria as 
allowable water quality concentrations. Allows for 
site-specific criteria where federal criteria are 
invalid due to site-specific characteristics.

See above discussion of federal water quality criteria.  

Criteria, 
Advisories, and 
Guidance

EPA Health Advisories, 
Human Health Risk 
Assessment Guidance, and 
Ecological Risk Assessment 
Guidance

To Be 
Considered

These advisories and guidance documents 
provide guidance for developing health risk 
information and environmental assessments at 
Superfund sites.

Risk guidance documents were used to evaluate 
human health and ecological risks associated with site-
related contaminants and to develop PRGs.



TABLE 4-13D
DETAILED ANALYSIS OF ALTERNATIVE HBHA-1

NO ACTION – HALLS BROOK HOLDING AREA POND SEDIMENTS
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

1. Overall Protection of Human Health and the Environment

Human Health Protection
The results of the baseline human health risk assessment did not identify unacceptable human health risks from sediment in the 
HBHA Pond.  Therefore, despite the fact that this alternative takes no action to contain, remove, or treat contamination, no 
unacceptable human health risks would result from the implementation of this alternative.

Environmental Protection
The results of the baseline ecological risk assessment indicated unacceptable ecological risks to benthic communities in the 
HBHA Pond due to exposure to contaminants in sediment.  Since this alternative takes no action to contain, remove, or treat 
contaminated sediments in the pond unacceptable risks to ecological receptors will remain from the HBHA Pond sediments.

2. Compliance with ARARs

Chemical-Specific ARARs This alternative would not comply with the chemical-specific ARARs identified on Table 4-13C.

Location-Specific ARARs Since there are no actions associated with this alternative, there are no location-specific ARARs identified.

Action-Specific ARARs Since there are no actions associated with this alternative, there are no action-specific ARARs identified.

Other Criteria, Advisories, and Guidance This alternative would not comply with the PRGs for HBHA Pond sediment that were established based on ecological risk 
assessment guidance.

3. Long-Term Effectiveness and Permanence

Magnitude of Residual Risk

The magnitude of ecological residual risk that would result from the selection of this alternative would be high since no actions 
would be taken to mitigate ecological exposures to HBHA Pond sediment.  The source of this risk would be the contaminated 
sediment load that is currently located at the bottom of the Pond.  
Five-year reviews would be required to periodically evaluate risks associated with on-site contamination. 

Adequacy and Reliability of Controls
Since no actions would be taken to contain, remove, or treat sediment in the HBHA Pond under this alternative, no provisions 
would be taken to control ecological exposures.  No technologies would be utilized, therefore no operations and maintenance 
would be required.

4. Reduction of Toxicity, Mobility, and Volume Through Treatment

Treatment Process Used and Materials 
Treated This alternative does not employ a treatment process.

Amount of Hazardous Materials Destroyed or 
Treated No hazardous materials would be destroyed or treated under this alternative.

Degree of Expected Reductions in Toxicity, 
Mobility, and Volume

There would be no reduction in the toxicity, mobility, and volume of contaminants under this alternative beyond that which would 
occur naturally due to subsurface geochemical activity.
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4. Reduction of Toxicity, Mobility, and Volume Through Treatment (cont.)

Degree to Which Treatment is Irreversible No treatment would be employed under this alternative.

Type and Quantity of Residuals Remaining 
After Treatment No treatment would be employed under this alternative.

5. Short-Term Effectiveness

Protection of Community During Remedial 
Actions No impacts to the community would result from this alternative since no actions would be taken.

Protection of Workers During Remedial 
Actions No impacts to workers would result from this alternative since no actions would be taken.

Environmental Impacts No impacts to the environment would result from this alternative since no actions would be taken.

Time Until Remedial Action Objectives are 
Achieved

Since no actions would be taken to address contamination that is the cause of unacceptable risks, remedial actions objectives for 
sediment would not be achieved in the reasonably foreseeable future

6. Implementability

Ability to Construct and Operate the 
Technology No construction difficulties or uncertainties would be encountered under this alternative since no actions would be taken.

Reliability of the Technology No treatment or construction technologies would be employed under this alternative.

Ease of Undertaking Additional Remedial 
Actions, if Necessary Additional remedial actions could be taken if necessary, but none would be taken under this alternative.

Ability to Monitor Effectiveness of Remedy Monitoring could be used to evaluate the degree of natural degradation that is occurring in HBHA Pond sediment.

Ability to Obtain Approvals from Other 
Agencies Because this alternative does not require any activities, no approvals would be required.

Coordination with Other Agencies Because this alternative does not require any activities, no coordination with other agencies would be required.

Availability of Off-Site Treatment, Storage, and 
Disposal Services and Capacity No off-site treatment, storage, and disposal would be required under this alternative.

Availability of Necessary Equipment and 
Specialists No equipment or technical specialists would be required for this alternative.
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EVALUATION CRITERIA DETAILED ANALYSIS

6. Implementability (cont.)

Availability of Prospective Technologies No technologies are required for this alternative.

7. Cost

Capital Costs $0

Operations and Maintenance Costs $0

Present Worth Costs $0



TABLE 4-14A
ALTERNATIVE HBHA-2 (MONITORING) - ACTION-SPECIFIC ARARs

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

NA None NA There are no action-specific ARARs for 
Alternative HBHA-2. 

No action would be taken under Alternative HBHA-2 
that would invoke an action-specific ARAR.



TABLE 4-14B
ALTERNATIVE HBHA-2 (MONITORING) - LOCATION-SPECIFIC ARARs

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

NA None NA There are no location-specific ARARs applicable 
for Alternative HBHA-2. 

There are no actions that would be performed that 
would invoke a location-specific ARAR.



TABLE 4-14C
ALTERNATIVE HBHA-2 (MONITORING) - CHEMICAL-SPECIFIC ARARs

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF           Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements

National Recommended 
Water Quality Criteria Clean 
Water Act-Section 304(a)(1)

Applicable Provides surface water quality standards for a 
number of organic and inorganic contaminants.

This ARAR would not be attained unless 
other media-specific alternatives are 
selected in conjunction with this alternative 
that will address groundwater contaminant 
sources.

State Regulatory 
Requirements

Massachusetts Surface Water 
Quality Standards (314 CMR 
4.00)

Applicable Establishes federal water quality criteria as 
allowable water quality concentrations. Allows 
for site-specific criteria where federal criteria 
are invalid due to site-specific characteristics

This ARAR would not be attained unless 
other media-specific alternatives are 
selected in conjunction with this alternative 
to address groundwater contaminant 
sources.

Criteria, 
Advisories, and 
Guidance

EPA Health Advisories, 
Human Health Risk 
Assessment Guidance, and 
Ecological Risk Assessment 
Guidance

To Be 
Considered

These advisories and guidance documents 
provide guidance for developing health risk 
information and environmental assessments at 
Superfund sites.

Risk guidance documents were used to 
evaluate human health and ecological risks 
associated with site-related contaminants 
and to develop PRGs.



TABLE 4-14D
DETAILED ANALYSIS OF ALTERNATIVE HBHA-2

MONITORING – HALLS BROOK HOLDING AREA POND SEDIMENT
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

1. Overall Protection of Human Health and the Environment

Human Health Protection

The results of the baseline human health risk assessment did not identify unacceptable human health risk from sediment in the 
HBHA Pond.  Therefore, despite the fact that this alternative takes no action to contain, remove, or treat contamination, no 
unacceptable human health risks would result in the HBHA Pond from implementation of this alternative.
This alternative would take no measures to prevent the downstream transport of contaminated sediment that originates from the 
HBHA Pond.  Potential human health risks may be created in the future if no actions are taken to eliminate this sediment transport 
mechanism.

Environmental Protection

The results of the baseline ecological risk assessment indicated unacceptable ecological risks to benthic communities in the 
HBHA Pond due to exposure to contaminants in sediment.  Since this alternative takes no action to contain, remove, or treat 
contaminated sediments in the pond unacceptable risks to ecological receptors will remain from the HBHA Pond sediments.
The fate and transport evaluation for the site indicates that the source of contaminants (arsenic and benzene) to sediment in the 
northern portion of the HBHA Pond is the groundwater that discharges into this portion of the Pond.  If no actions are taken to 
remediate groundwater upgradient from the Pond, the transport of these contaminants into the Pond’s sediments will continue 
indefinitely, and the rate of natural contaminant degradation is not likely to be adequate to decrease contaminant concentrations 
in HBHA Pond sediment to levels that eliminate risks to ecological receptors.
If groundwater located upgradient from the Pond is treated to remove arsenic and benzene, the chemical makeup of groundwater 
that discharges to the Pond will be altered, potentially impacting the existing chemical profile in the Pond and mobilizing sediment 
that is currently sequestered at the base of the Pond.  Potential ecological and/or human health risks may develop from the 
transport of HBHA Pond to downstream depositional areas.

2. Compliance with ARARs

Chemical-Specific ARARs This alternative would not comply with the chemical-specific ARARs that are presented on Table 4-14C.

Location-Specific ARARs Since there are no on-site actions associated with this alternative, there are no location-specific ARARs identified.

Action-Specific ARARs Since there are no on-site actions associated with this alternative, there are no action-specific ARARs identified.

Other Criteria, Advisories, and Guidance This alternative may eventually comply with the PRGs established based on human health and ecological risk assessment 
guidance assuming groundwater sources are removed.
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3. Long-Term Effectiveness and Permanence

Magnitude of Residual Risk

The magnitude of residual risk that would result from the implementation of this alternative would be high since no on-site actions 
would be taken to treat, contain, or remove contaminated sediment in the HBHA Pond.  The collection of samples would be 
utilized to continually evaluate the progress (if any) toward achieving RAOs.  In the meantime, untreated residual contamination 
would be a source of risk to ecological receptors.
Since contamination would remain on-site above levels that allow for unlimited use and unrestricted exposure, five-year reviews 
would be required to periodically evaluate risks associated with sediment contamination in the HBHA Pond.

Adequacy and Reliability of Controls

The only technologies that would be utilized under this alternative are sampling and analysis techniques that would be used to 
periodically evaluate the rate of natural contaminant degradation (if any).  These monitoring techniques would be able to meet the 
performance goals required to adequately monitor the remedy.
Since no treatment, containment, or removal of HBHA Pond sediments would occur under this alternative, long-term monitoring to 
verify the protectiveness of the remedy would be required.  Long-term monitoring would likely consist of periodic collection of 
sediment and surface water samples from the Pond to evaluate risks.

4. Reduction of Toxicity, Mobility, and Volume Through Treatment

Treatment Process Used and Materials 
Treated This alternative would not employ a treatment process.

Amount of Hazardous Materials Destroyed or 
Treated No hazardous materials would be destroyed or treated under this alternative.

Degree of Expected Reductions in Toxicity, 
Mobility, and Volume

There would be no reduction in the toxicity, mobility, and volume of contaminants under this alternative beyond that which would 
occur naturally due to subsurface geochemical activity.

Degree to Which Treatment is Irreversible No treatment would be employed under this alternative.

Type and Quantity of Residuals Remaining 
After Treatment No treatment would be employed under this alternative.

5. Short-Term Effectiveness

Protection of Community During Remedial 
Actions

No impacts to the community would result from the implementation of this alternative since no on-site actions (other than the 
collection of environmental samples) would be taken.

Protection of Workers During Remedial 
Actions

Potential impacts to workers during sediment monitoring could be mitigated through the use of adequate health and safety 
procedures, including personal protective equipment and decontamination facilities.

Environmental Impacts Impacts to the environment from the monitoring activities that would be conducted under this alternative would be minimal.
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5. Short-Term Effectiveness (cont.)

Time Until Remedial Action Objectives are 
Achieved

If no groundwater treatment is conducted upgradient from the HBHA Pond, the time frame for the achievement of remedial 
objectives would be very long.  Treatment of groundwater that discharges to the Pond may reduce the time frame for recovery, 
but not to within an acceptable time frame.

6. Implementability

Ability to Construct and Operate the 
Technology

No construction difficulties or uncertainties would be encountered under this alternative since no on-site construction activities 
would be undertaken.

Reliability of the Technology No treatment technologies would be employed under this alternative.

Ease of Undertaking Additional Remedial 
Actions, if Necessary

Future remedial actions (containment, removal, and/or treatment) would be necessary since natural recovery is not likely to be 
adequate to achieve RAOs.  Additional remedial actions could easily be implemented.

Ability to Monitor Effectiveness of Remedy Monitoring would be used to evaluate the degree of natural recovery that is occurring in sediment.  No migration or exposure 
pathways exist that cannot by monitored adequately.

Ability to Obtain Approvals from Other 
Agencies Approvals from other agencies would not be required to implement this alternative.

Coordination with Other Agencies Coordination with other agencies would not be required to implement this alternative.

Availability of Off-Site Treatment, Storage, and 
Disposal Services and Capacity No off-site treatment, storage, and disposal would be required under this alternative.

Availability of Necessary Equipment and 
Specialists No equipment or technical specialists would be required for this alternative.

Availability of Prospective Technologies No technologies are required for this alternative.

7. Cost

Capital Costs $0

Operations and Maintenance Costs $141,000/yrs 1-2;  $70,000/yrs 3-30

Present Worth Costs $1,201,000



TABLE 4-15A
ALTERNATIVE HBHA-3 (SUBAQUEOUS CAP)

ACTION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

Federal 
Regulatory 
Requirements

Statement of Procedures 
on Wetlands Protection,
40 CFR Part 6, App. A, 
Exec. Order 11990 (1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever possible, the 
long and short term impacts associated with the 
destruction of wetlands, and wetlands development 
wherever there is a practicable alternative in 
accordance with Executive Order 11990.  

Will be attained.  There is no practicable alternative method to work 
in wetlands with less adverse impact and all practicable measures 
would be taken to minimize and mitigate any adverse impacts.

Executive Order for 
Floodplain Management
Exec. Order 11988 (1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the risk of 
flood loss, minimize impact of floods, and restore and 
preserve the natural and beneficial values of 
floodplains.

Will be attained.  There is no practical alternative method to work in 
floodplains with less adverse impact and all practicable measures 
would be taken to minimize and mitigate any adverse impacts to 
floodplains.

Clean Water Act §404, 
and regulations,  33 USC 
1344,  40 CFR, 230, 

Applicable For discharge of dredged or fill material into water 
bodies or wetlands, there must be no practical 
alternative with less adverse impact on aquatic 
ecosystem; discharge cannot cause or contribute to 
violation of state water quality standard or toxic 
effluent standard or jeopardize threatened or 
endangered (T&E) species; discharge cannot 
significantly degrade waters of U.S.; must take 
practicable steps to minimize and mitigate adverse 
impacts; must evaluate impacts on flood level, flood 
velocity, and flood storage capacity.

Will be attained because (a) there is no practical alternative cap 
placement method that would achieve the remedial objective with 
less adverse impact; (b) all practical measures would be taken to 
minimize and mitigate any adverse impacts from the work; 
(c) there is no likely impact on T&E species; (d) actions would be 
taken to minimize impact of hydrologic changes during the work; 
(e) after completion of the work, there would be no significant net 
loss of flood storage capacity, and no significant net increase in 
flood stage or velocities.

Fish and Wildlife 
Coordination Act  and 
regulations,
16 USC 662, 663
40 CFR 6.302(g)

Applicable Requires consultation with appropriate agencies to 
protect fish and wildlife when federal actions may 
alter waterways.  Must develop measures to prevent 
and mitigate potential loss to the maximum extent 
possible.

Alternative HBHA-3 would comply with this ARAR.  Consultations 
with the USFWS will be made during the design phase.



TABLE 4-15A (cont.)
ALTERNATIVE HBHA-3 (SUBAQUEOUS CAP)
ACTION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 3

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

Federal 
Regulatory 
Requirements 
(cont.)

National Pollutant 
Discharge Elimination 
System (NPDES),40 CFR 
122

Applicable Regulates the discharge of water into public surface 
waters.  Major requirements include the following:
Use of best available technology economically 

achievable is required to control toxic and non-
conventional pollutants.  Use of best conventional 
pollutant control technology is required to control 
conventional pollutants.  Technology-based 
limitations may be determined on a case-by-case 
basis.

Applicable federally-approved state water quality 
standards must be complied with.  These 
standards may be in addition to or more stringent 
than other federal standards under the CWA.

Alternative HBHA-3 would comply with this ARAR. Design 
specifications for the placement of cap materials and design of the 
dewatering treatment system would ensure that HBHA-3 would 
comply with applicable standards.

State 
Regulatory 
Requirements

Massachusetts Wetlands 
Protection Act and 
Regulations,
MGL c. 131 § 40
310 CMR 10.00

Applicable Regulations restrict dredging, filling, altering, or 
polluting inland wetland resource areas and impose 
performance standards for work in such areas.  
Protected resource areas include: 10.54 (Bank); 
10.55 (Bordering Vegetated Wetlands); 10.56 (Land 
under Water); 10.57 (Bordering Land subject to 
Flooding); and 10.58 (Riverfront Area).

Will be attained because (a) there is no practicable alternative cap 
placement method that would be less damaging to resource areas; 
(b) all practical measures would be taken to minimize adverse 
impacts on wetlands; (c) stormwater discharges will be controlled 
through best management practices (BMPs); (d) actions would be 
taken to minimize impact of hydrologic changes during the work to 
the extent practicable; (e) after completion of the work, there will be 
no significant net loss of flood storage capacity and no significant 
net increase in flood storage or velocities; and (f) disturbed 
vegetation, river, and riverbank will be restored.

Massachusetts Surface 
Water Quality Standards 
314 CMR 4.05(5)(e)

Applicable Establishes federal water quality criteria as allowable 
water quality concentrations. Allows for site-specific 
criteria where federal criteria are invalid due to site-
specific characteristics.

See above discussion of federal water quality criteria.  



TABLE 4-15A (cont.)
ALTERNATIVE HBHA-3 (SUBAQUEOUS CAP)
ACTION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 3 OF 3

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

State 
Regulatory 
Requirements
(cont.)

Water Quality Certification 
for Discharge of Dredged 
or Fill Material, Dredging 
and Dredged Material 
Disposal in Waters of the 
United States within the 
Commonwealth, 314 
CMR 9.06 

Applicable For discharge of dredged or fill material, there must 
be no practicable alternative with less adverse impact 
on aquatic ecosystem; must take practicable steps to 
minimize adverse impacts on wetlands or land under 
water; Stormwater discharges must be controlled 
with BMPs; must be no substantial adverse impact to 
physical, chemical, or biological integrity of surface 
waters.

Will be attained because (a) there is no practicable alternative cap 
placement method with less adverse impact on the aquatic 
ecosystem; (b) all practical measures would be taken to minimize 
adverse impacts on wetlands and land under water; 
(c) stormwater discharges would be controlled through BMPs; and 
(d) there would be no substantial long-term adverse impacts to 
integrity of river waters

Water Quality Certification 
for Discharge of Dredged 
or Fill Material, Dredging 
and Dredged Material 
Disposal in Waters of the 
United States within the 
Commonwealth, 314 
CMR 9.07

Applicable Placement of fill (cap) materials is allowed; must 
avoid fisheries impacts.

Will be attained.  There are no significant fisheries in area at 
present and aquatic habitat will be restored.



TABLE 4-15B
ALTERNATIVE HBHA-3 (SUBAQUEOUS CAP)

LOCATION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

Statement of Procedures on 
Wetlands Protection 40 CFR 
Part 6, App. A, Exec. Order 
11990 (1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever 
possible, the long and short term impacts 
associated with the destruction of wetlands, 
and wetlands development wherever there is a 
practicable alternative in accordance with 
Executive Order 11990.

Will be attained.  There is no practicable alternative method to 
work in wetlands with less adverse impact and all practicable 
measures would be taken to minimize and mitigate any 
adverse impacts.

Executive Order for Floodplain 
Management
Exec. Order 11988 (1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the 
risk of flood loss, minimize impact of floods, 
and restore and preserve the natural and 
beneficial values of floodplains.

Will be attained.  There is no practical alternative method to 
work in floodplains with less adverse impact and all practicable 
measures would be taken to minimize and mitigate any 
adverse impacts to floodplains.

RCRA Floodplain Restrictions 
for Solid Waste Disposal 
Facilities and Practices
40 CFR 257.3-1

Relevant and 
Appropriate

Solid waste practices must not restrict the flow 
of a 100-year flood, reduce the temporary 
water storage capacity of the floodplain or 
result in washout of solid waste, so as to pose 
a hazard to human life, wildlife, or land or water 
resources.

Will be attained.  The design specifications and required 
construction procedures would ensure that the implementation 
of Alternative HBHA-3 will not restrict the flow of a 100-year 
flood, reduce the temporary water storage capacity of the 
floodplain or result in washout of solid waste, so as to pose a 
hazard to human life, wildlife, or land or water resources.

Federal 
Regulatory 
Requirements

RCRA Floodplain Restrictions 
for Hazardous Waste Facilities 
40 CFR 264.18(b)

Relevant and 
Appropriate

A hazardous waste treatment, storage, or 
disposal facility located in a 100-year floodplain 
must be designed, constructed, operated, and 
maintained to prevent washout or to result in 
no adverse effects on human health or the 
environment if washout were to occur.

Will be attained.  The design specifications and required 
construction procedures would ensure that any treatment, 
storage or disposal of hazardous waste undertaken pursuant 
to Alternative HBHA-3 will not restrict the flow of a 100-year 
flood, reduce the temporary water storage capacity of the 
floodplain or result in washout of solid waste, so as to pose a 
hazard to human life, wildlife, or land or water resources.

Fish and Wildlife Coordination 
Act  and regulations,
16 USC 662, 663
40 CFR 6.302(g)

Applicable Requires consultation with appropriate 
agencies to protect fish and wildlife when 
federal actions may alter waterways.  Must 
develop measures to prevent and mitigate 
potential loss to the maximum extent possible.

Alternative HBHA-3 would comply with this ARAR.  
Consultations with the USFWS will be made during the design 
phase.



TABLE 4-15B (cont.)
ALTERNATIVE HBHA-3 (SUBAQUEOUS CAP)
LOCATION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 2

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

State 
Regulatory 
Requirements

Massachusetts Wetlands 
Protection Act and 
Regulations, MGL c. 131 § 40, 
310 CMR 10.00

Applicable Regulations restrict dredging, filling, altering, or
polluting inland wetland resource areas and 
impose performance standards for work in 
such areas.  Protected resource areas include: 
10.54 (Bank); 10.55 (Bordering Vegetated 
Wetlands); 10.56 (Land under Water); 10.57 
(Bordering Land subject to Flooding); and 
10.58 (Riverfront Area).

Will be attained because (a) there is no practicable alternative 
cap placement method that would be less damaging to 
resource areas; (b) all practical measures would be taken to 
minimize adverse impacts on wetlands; (c) stormwater 
discharges will be controlled through best management 
practices (BMPs); (d) actions would be taken to minimize 
impact of hydrologic changes during the work to the extent 
practicable; (e) after completion of the work, there will be no 
significant net loss of flood storage capacity and no significant 
net increase in flood storage or velocities; and (f) disturbed 
vegetation, river, and riverbank will be restored.

Water Quality Certification for 
Discharge of Dredged or Fill 
Material, Dredging and 
Dredged Material Disposal in 
Waters of the United States 
within the Commonwealth, 314 
CMR 9.06

Applicable For discharge of dredged or fill material, there 
must be no practicable alternative with less 
adverse impact on aquatic ecosystem; must 
take practicable steps to minimize adverse 
impacts on wetlands or land under water; 
stormwater discharges must be controlled with 
BMPs; must be no substantial adverse impact 
to physical, chemical, or biological integrity of 
surface waters.

Will be attained because (a) there is no practicable alternative
cap placement method with less adverse impact on the 
aquatic ecosystem; (b) all practical measures would be taken 
to minimize adverse impacts on wetlands and land under 
water; (c) stormwater discharges would be controlled through 
BMPs; and (d) there would be no substantial long-term 
adverse impacts to integrity of river waters

Water Quality Certification for 
Discharge of Dredged or Fill 
Material, Dredging and 
Dredged Material Disposal in 
Waters of the United States 
within the Commonwealth, 314 
CMR 9.07

Applicable Placement of fill (cap) materials allowed; must 
avoid fisheries impacts.

Will be attained.  There are no significant fisheries in area at 
present and aquatic habitat will be restored.



TABLE 4-15C
ALTERNATIVE HBHA-3 (SUBAQUEOUS CAP)

CHEMICAL-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF           Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements 

National Pollutant Discharge 
Elimination System (NPDES),40 
CFR 122

Applicable Regulates the discharge of water into public surface
waters.  Major requirements include the following:
 Use of best available technology economically 

achievable is required to control toxic and non-
conventional pollutants.  Use of best conventional 
pollutant control technology is required to control 
conventional pollutants.  Technology-based 
limitations may be determined on a case-by-case 
basis.

 Applicable federally-approved state water quality 
standards must be complied with.  These 
standards may be in addition to or more stringent 
than other federal standards under the CWA.

Alternative HBHA-3 would comply with 
this ARAR. Design specifications for the 
dredging methods and procedures and 
design of the dewatering treatment 
system would ensure that HBHA-3 would 
comply with applicable standards.

Clean Water Act, Ambient Water 
Quality Criteria, 33 U.S.C. § 1314, 
40 CFR 131.36(b)(1)

Relevant and 
Appropriate

National recommended criteria for surface water quality. 
For protection of freshwater aquatic life due to chronic 
exposure:  
Arsenic Criteria: 190  ug/L 
Benzene: 46 ug/L 

NRWQC for arsenic and other site-
related constituents will be achieved once 
the source of contaminated groundwater 
discharges are eliminated.

State Regulatory 
Requirements

Massachusetts Surface Water 
Quality Standards 314 CMR 
4.05(5)(e)

Applicable Establishes federal water quality criteria as allowable 
water quality concentrations. Allows for site-specific 
criteria where federal criteria are invalid due to site-
specific characteristics.

See above discussion of federal water 
quality criteria.  

Criteria, 
Advisories, and 
Guidance

EPA Health Advisories, Human 
Health Risk Assessment 
Guidance, and Ecological Risk 
Assessment Guidance

To Be 
Considered

These advisories and guidance documents provide 
guidance for developing health risk information and 
environmental assessments at Superfund sites.

Risk guidance documents were used to 
evaluate human health and ecological 
risks associated with site-related 
contaminants and to develop PRGs.



TABLE 4-15D
DETAILED ANALYSIS OF ALTERNATIVE HBHA-3

SUBAQUEOUS CAP – HALLS BROOK HOLDING AREA POND SEDIMENT
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

1. Overall Protection of Human Health and the Environment

Human Health Protection

The results of the baseline human health risk assessment did not identify unacceptable human health risk from sediment in the 
HBHA Pond.  No human health risks would result from the implementation of this alternative.
The installation of a subaqueous cap in the HBHA Pond would reduce or eliminate the transport pathway that is currently enabling 
the mobilization of contaminated sediment from the Pond to downstream depositional areas.  Prevention of sediment transport 
would prevent the potential for future human health risks resulting from downstream deposition of contaminated sediment 
originating from the HBHA Pond. 

Environmental Protection

The results of the baseline ecological risk assessment indicated unacceptable ecological risks to benthic communities in the 
HBHA Pond due to exposure to contaminants in sediment.  This alternative would involve the installation of a subaqueous cap of
adequate thickness to prevent contact by ecological receptors with contaminated sediment in the Pond.  The subaqueous cap 
would also provide a new habitat for benthic communities.
The fate and transport evaluation for the site indicates that the source of contaminants (arsenic and benzene) to sediment in the 
northern portion of the HBHA Pond is the groundwater that discharges into this portion of the Pond.  If no actions are taken to 
remediate groundwater upgradient from the Pond, the transport of these contaminants into the Pond’s sediments will continue 
indefinitely, and recontamination of the subaqueous cap materials is likely.
If groundwater located upgradient from the Pond is treated to remove arsenic and benzene, the subaqueous cap will be more 
protective of the environment since there will not be a continuing source of contaminants that could impact the protectiveness of 
the cap.

2. Compliance with ARARs

Chemical-Specific ARARs This alternative would comply with the pertinent chemical-specific ARARs that are presented on Table 4-15C.

Location-Specific ARARs This alternative would comply with the pertinent location-specific ARARs that are presented on Table 4-15B.

Action-Specific ARARs This alternative would comply with the pertinent action-specific ARARs that are presented on Table 4-15A.

Other Criteria, Advisories, and Guidance This alternative would comply with the PRGs for HBHA Pond sediment that were established based on ecological risk 
assessment guidance.

3. Long-Term Effectiveness and Permanence

Magnitude of Residual Risk

The magnitude of residual ecological risk that would result from the implementation of this alternative would be low since the 
subaqueous cap would prevent ecological exposures to contaminated sediment in the HBHA Pond.  Any potential sources of 
ecological risk would be due to the presence of untreated sediment that would remain in the Pond that might be exposed through 
erosion or disruption of the cap materials.
Since contamination would remain on-site above levels that allow for unlimited use and unrestricted exposure, five-year reviews 
would be required to periodically evaluate risks associated with sediment contamination in the HBHA Pond.



TABLE 4-15D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE HBHA-3
SUBAQUEOUS CAP – HALLS BROOK HOLDING AREA POND SEDIMENT
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 4

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

3. Long-Term Effectiveness and Permanence (cont.)

Adequacy and Reliability of Controls

In order to verify the effectiveness of the subaqueous cap at preventing ecological exposures to contaminated sediment, an 
intense long-term maintenance and monitoring program would need to be implemented.  The types of functions that would need 
to be performed are likely to include pond bottom elevation measurements to verify that adequate cap thickness is retained under 
the stresses created by currents and bioturbation, and sample collection to verify that the clean capping materials are not being 
contaminated by the underlying sediments, new sediment depositions from upstream sources, or groundwater discharges to the 
pond.
If monitoring suggests that the subaqueous cap is not adequate to protect ecological receptors, additional cap material would 
need to be placed in the areas where excessive erosion has adversely impacted the cap’s performance.  If failures/weaknesses in 
the cap develop, high level ecological risks will result until these areas are repaired or replaced.

4. Reduction of Toxicity, Mobility, and Volume Through Treatment

Treatment Process Used and Materials 
Treated This alternative does not employ a treatment process.

Amount of Hazardous Materials Destroyed or 
Treated No hazardous materials would be destroyed or treated under this alternative.

Degree of Expected Reductions in Toxicity, 
Mobility, and Volume

There would be no reduction in the toxicity, mobility, and volume of contaminants under this alternative beyond that which would 
occur naturally due to subsurface geochemical activity.

Degree to Which Treatment is Irreversible No treatment would be employed under this alternative.

Type and Quantity of Residuals Remaining 
After Treatment No treatment would be employed under this alternative.

5. Short-Term Effectiveness

Protection of Community During Remedial 
Actions

Potential impacts to the community during implementation of this alternative would include increased truck traffic that would be 
necessary to import clean capping materials and the potential spread of contamination to areas outside of the exclusion zone.  
These potential impacts could be mitigated or eliminated through the development of traffic and noise mitigation plans and the 
use of decontamination procedures to prevent the spread of contaminants.

Protection of Workers During Remedial 
Actions

Potential risks to workers during the construction of the cap would include physical hazards associated with underwater 
construction (hypothermia, drowning, etc.) and exposure to contaminants.
Health and safety measures, decontamination facilities, and other engineering controls could be used to mitigate or eliminate 
these potential risks.  There would be no risks to workers that could not be readily controlled.



TABLE 4-15D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE HBHA-3
SUBAQUEOUS CAP – HALLS BROOK HOLDING AREA POND SEDIMENT
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 3 OF 4

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

5. Short-Term Effectiveness (cont.)

Environmental Impacts

Impacts to the environment from the construction of a subaqueous cap would be extensive.  In order to place cap materials onto 
the Pond bottom without resuspending contaminated sediment into the water column, the Pond would be dewatered so that 
materials could be placed while the Pond bottom is dry.  
Placement of a cap over the existing pond bottom would also virtually destroy the existing aquatic habitat in the Pond.  Any 
destruction of habitat from the placement of cap materials would likely be short term in nature, as new habitats would be provided 
by the placement of clean substrate material selected to facilitate the redevelopment of benthic communities in the Pond.

Time Until Remedial Action Objectives are 
Achieved

The anticipated duration of construction activities required to construct a subaqueous cap over sediments in the HBHA Pond 
would be 6 months.  After this time period, RAOs for the protection of the environment in the Pond would be achieved.

6. Implementability

Ability to Construct and Operate the 
Technology

The sediment that is located at the bottom of the HBHA Pond is a black muck consisting of high organic content, low percent 
solids material that has been described as “black ooze”.  This material would not provide a very good substrate upon which to 
place subaqueous cap materials.  During placement of the subaqueous cap, it is very likely that the black ooze would be 
displaced and contaminated sediment would be resuspended into the overlying water column.  
Therefore, the evaluation of this alternative for the FS assumed that the Pond would need to be dewatered prior to placement of 
the subaqueous cap materials.  This process would place the implementability of this alternative in question due to the size of the 
Pond and the volume of water that would need to be pumped out of the Pond to effectively place the cap materials.

Reliability of the Technology The subaqueous capping technology is somewhat reliable (assuming that the sediment upon which the cap is placed is capable 
of supporting the cap materials), but potential issues and uncertainties during cap placement could cause delays in construction.

Ease of Undertaking Additional Remedial 
Actions, if Necessary

Future remedial actions may be necessary if the subaqueous cap is proven to be ineffective at preventing ecological exposures to 
contaminated sediment.  The implementation of additional remedial actions would be complicated by the extra sediment material 
that would be placed to construct the subaqueous cap.  

Ability to Monitor Effectiveness of Remedy
Sediment and surface water monitoring would be used to evaluate the effectiveness of the subaqueous cap.  Pond bottom 
surveys might also be used to assess the degree to which cap materials have eroded, exposing the underlying contamination.
These types of monitoring activities are relatively difficult to implement.  

Ability to Obtain Approvals from Other 
Agencies Approvals from other agencies would not be required to implement this alternative.

Coordination with Other Agencies Coordination with other agencies would not be required to implement this alternative.

Availability of Off-Site Treatment, Storage, and 
Disposal Services and Capacity No off-site treatment, storage, and disposal would be required under this alternative.



TABLE 4-15D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE HBHA-3
SUBAQUEOUS CAP – HALLS BROOK HOLDING AREA POND SEDIMENT
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RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

6. Implementability (cont.)

Availability of Necessary Equipment and 
Specialists The equipment and technical specialists required to construct a subaqueous cap would be available.

Availability of Prospective Technologies Full-scale applications using a subaqueous cap have been utilized to contain sediments and/or prevent direct contact with 
contaminated sediments at more than 12 Superfund sites.

7. Cost

Capital Costs $3,160,000

Operations and Maintenance Costs $144,000/year

Present Worth Costs $5,291,000



TABLE 4-16A
ALTERNATIVE HBHA-4 (STORM WATER BYPASS AND SEDIMENT RETENTION

WITH PARTIAL DREDGING AND PROVIDING AN ALTERNATE HABITAT)
ACTION-SPECIFIC ARARs

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

Federal 
Regulatory 
Requirements

Statement of Procedures on 
Wetlands Protection, 40 CFR 
Part 6, App. A, Exec. Order 
11990 (1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever possible, the 
long and short term impacts associated with the 
destruction of wetlands, and wetlands development 
wherever there is a practicable alternative in 
accordance with Executive Order 11990.  

Will be attained.  There is no practicable alternative method 
to work in wetlands with less adverse impact and all 
practicable measures would be taken to minimize and 
mitigate any adverse impacts.  Erosion and sedimentation 
control measures would be adopted during construction 
and restoration activities.

Executive Order for Floodplain 
Management
Exec. Order 11988 (1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the risk of 
flood loss, minimize impact of floods, and restore and 
preserve the natural and beneficial values of 
floodplains.

Will be attained.  There is no practical alternative method to 
work in floodplains with less adverse impact and all 
practicable measures would be taken to minimize and 
mitigate any adverse impacts.  Erosion and sedimentation 
control measures would be adopted during construction 
and restoration activities.

Clean Water Act §404, and 
regulations,  33 USC 1344,  
40 CFR, 230, 

Applicable For discharge of dredged or fill material into water 
bodies or wetlands, there must be no practical 
alternative with less adverse impact on aquatic 
ecosystem; discharge cannot cause or contribute to 
violation of state water quality standard or toxic effluent 
standard or jeopardize threatened or endangered 
(T&E) species; discharge cannot significantly degrade 
waters of U.S.; must take practicable steps to minimize 
and mitigate adverse impacts; must evaluate impacts 
on flood level, flood velocity, and flood storage 
capacity.

Will be attained because (a) there is no practical alternative 
that will achieve the cleanup objective with less adverse 
impact; (b) all practical measures would be taken to 
minimize and mitigate any adverse impacts from the work; 
(c) there is no likely impact on T&E species; (d) actions 
would be taken to minimize impact of hydrologic changes 
during the work; (e) after completion of the work, there 
would be no significant net loss of flood storage capacity, 
and no significant net increase in flood stage or velocities; 
and (f) river and riverbanks would be restored and habitat 
will be improved.
Appropriate mitigation would be included to compensate
for the continuing deposition of contaminants into the 
northern portion of HBHA Pond and to compensate for the 
portions of the New Boston Street Drainway (that were not 
accounted for in the original 1986 remedy decision) where 
an impermeable cap would be installed. These actions 
would be required to replace lost and impaired functions 
and values.
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AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

Federal 
Regulatory 
Requirements 
(cont.)

RCRA Hazardous Waste 
Regulations (Storage and 
Disposal of Hazardous 
Waste) 40 CFR Part 262, 
Subpart A, 40 CFR Part 264, 
Subparts I and J

Applicable Subpart A of Part 262 provides that a generator who 
treats, stores, or disposes of hazardous waste on-site 
must determine whether or not he has a hazardous 
waste, obtain an EPA identification number for any 
hazardous waste and comply with the regulations 
regarding accumulation of hazardous waste and 
recordkeeping.  Subparts I and J of Part 264 identify 
design, operating, monitoring, closure, and post-
closure care requirements for long-term storage of 
RCRA hazardous waste in containers and tank 
systems, respectively.  However, Section 262.34(a) 
allows accumulation of RCRA hazardous wastes for 
up to 90 days in containers or tanks provided 
generator complies with requirements of Subparts I 
and J of Part 265.

Will be attained.  Any free product, drums, or contaminated 
equipment would be managed and stored in accordance 
with the substantive requirements of the cited regulations 
prior to being sent off-site for disposal.  Disposal regulations 
would also be complied with for any off-site disposal.

RCRA Identification and 
Listing of Hazardous Wastes, 
40 CFR 261.3

Applicable 
or Relevant 

and 
Appropriate

Criteria for determining if a waste or contaminated 
media is a hazardous waste subject to regulation. If a 
contaminated media exhibits the characteristics of a 
hazardous waste, RCRA hazardous waste regulations 
are applicable.   If a contaminated media is sufficiently 
similar to listed RCRA hazardous wastes, these 
regulations are relevant and appropriate.

EPA will assess the contaminated sediments using this 
criteria to determine whether they should be managed as 
hazardous waste.
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Federal 
Regulatory 
Requirements 
(cont.)

RCRA Closure and Post-
Closure Requirements, 40 
CFR, Subpart G 

Relevant 
and 

Appropriate

If contaminated sediments constitute characteristic 
hazardous waste or are sufficiently similar to listed 
RCRA hazardous wastes, these regulations are 
relevant and appropriate.  Closure must be completed 
in a manner that minimizes the need for further 
maintenance, and controls, minimizes or eliminates, to 
the extent necessary to 
protect human health and the environment, post-
closure escape of  hazardous waste, hazardous 
constituents, leachate, contaminated run-off, or 
hazardous waste decomposition products to the 
ground or surface waters or to the atmosphere.

Contaminated sediments in the HBHA Pond are the result 
of the discharge of contaminated groundwater.  Periodic 
dredging of the sediments north of the cofferdam will 
remove unacceptable risks to human health and the 
environment beyond the point of compliance, south of the 
cofferdam.  

National Pollutant Discharge 
Elimination System 
(NPDES),40 CFR 122

Applicable Regulates the discharge of water into public surface 
waters.  Major requirements include the following:
Use of best available technology economically 

achievable is required to control toxic and non-
conventional pollutants.  Use of best conventional 
pollutant control technology is required to control 
conventional pollutants.  Technology-based 
limitations may be determined on a case-by-case 
basis.

Applicable federally-approved state water quality 
standards must be complied with.  These standards 
may be in addition to or more stringent than other
federal standards under the CWA.

Alternative HBHA-4 will comply with this ARAR. Design 
specifications for the dredging methods and procedures 
and design of the dewatering treatment system would 
ensure that HBHA-4 will comply with applicable standards.

Fish and Wildlife Coordination 
Act  and regulations,
16 USC 662, 663
40 CFR 6.302(g)

Applicable Requires consultation with appropriate agencies to 
protect fish and wildlife when federal actions may alter 
waterways.  Must develop measures to prevent and 
mitigate potential loss to the maximum extent possible.

Alternative HBHA-4 would comply with this ARAR.  
Consultations with the USFWS will be made during the 
design phase.
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AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

State 
Regulatory 
Requirements

Massachusetts Wetlands 
Protection Act and 
Regulations, MGL c. 131 § 40
310 CMR 10.00

Applicable Regulations restrict dredging, filling, altering, or 
polluting inland wetland resource areas and impose 
performance standards for work in such areas.  
Protected resource areas include: 10.54 (Bank); 10.55 
(Bordering Vegetated Wetlands); 10.56 (Land under 
Water); 10.57 (Bordering Land subject to Flooding); 
and 10.58 (Riverfront Area).

Will be attained because (a) there is no practicable 
alternative that would be less damaging to resource areas; 
(b) all practical measures would be taken to minimize 
adverse impacts on wetlands; (c) stormwater discharges 
would be controlled through best management practices 
(BMPs); (d) actions would be taken to minimize impact of 
hydrologic changes during the work to the extent 
practicable; (e) after completion of the work, there would be 
no significant net loss of flood storage capacity and no 
significant net increase in flood storage or velocities; and (f) 
disturbed vegetation, river, and riverbank would be 
restored.  Appropriate mitigation to compensate the 
continuing deposition of contaminants into the northern 
portion of HBHA Pond will be required to replace lost and 
impaired functions and values.

Massachusetts Surface Water 
Quality Standards 314 CMR 
4.05(5)(e)

Applicable Establishes federal water quality criteria as allowable 
water quality concentrations. Allows for site-specific 
criteria where federal criteria are invalid due to site-
specific characteristics.

See above discussion of federal water quality criteria.

Water Quality Certification for 
Discharge of Dredged or Fill 
Material, Dredging and 
Dredged Material Disposal in 
Waters of the United States 
within the Commonwealth, 
314 CMR 9.06

Applicable For discharge of dredged or fill material, there must be 
no practicable alternative with less adverse impact on 
aquatic ecosystem; must take practicable steps to 
minimize adverse impacts on wetlands or land under 
water; stormwater discharges must be controlled with 
BMPs; must be no substantial adverse impact to 
physical, chemical, or biological integrity of surface 
waters.

Will be attained because (a) there is no practicable 
alternative method with less adverse impact on the aquatic 
ecosystem; (b) all practical measures would be taken to 
minimize adverse impacts on wetlands and land under 
water; (c) stormwater discharges would be controlled 
through BMPs; and (d) there would be no substantial long-
term adverse impacts to integrity of river waters.

Water Quality Certification for 
Discharge of Dredged or Fill 
Material, Dredging and 
Dredged Material Disposal in 
Waters of the United States 
within the Commonwealth, 
314 CMR 9.07

Applicable Hydraulic or mechanical dredging allowed; must avoid 
fisheries impacts.

Will be attained.  There are no significant fisheries in area at 
present and aquatic habitat will be restored.
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State 
Regulatory 
Requirements
(cont.)

Mass. Hazardous Waste 
Regulations (Storage and 
Disposal of Hazardous 
Waste), 310 CMR 30.300, 
30.680, 30.690
310 CMR 30.340

Applicable Section 30.300 identifies the requirements for disposal 
of hazardous waste; Sections 30.680 and 30.690 
identify requirements for long-term storage of RCRA 
hazardous waste in containers and tank systems 
similar to federal RCRA storage requirements identified 
above.  Section 30.340 allows on-site accumulation of 
hazardous waste for up to 90 days and is also similar 
to federal RCRA storage requirements identified 
above.  

See discussion of federal RCRA Hazardous Waste 
Regulations above.
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Statement of Procedures on 
Wetlands Protection 40 CFR Part 
6, App. A, Exec. Order 11990 
(1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever possible, 
the long and short term impacts associated with 
the destruction of wetlands, and wetlands 
development wherever there is a practicable 
alternative in accordance with Executive Order 
11990.

Will be attained.  There is no practicable alternative method 
to work in wetlands with less adverse impact and all 
practicable measures would be taken to minimize and 
mitigate any adverse impacts.  Erosion and sedimentation 
control measures would be adopted during construction 
and restoration activities.

Executive Order for Floodplain 
Management
Exec. Order 11988 (1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the risk 
of flood loss, minimize impact of floods, and 
restore and preserve the natural and beneficial 
values of floodplains.

Will be attained.  There is no practical alternative to work in 
floodplains with less adverse impact and all practicable 
measures would be taken to minimize and mitigate any 
adverse impacts.  Erosion and sedimentation control 
measures would be adopted during construction and 
restoration activities.

RCRA Floodplain Restrictions for 
Solid Waste Disposal Facilities 
and Practices
40 CFR 257.3-1

Relevant and 
Appropriate

Solid waste practices must not restrict the flow of 
a 100-year flood, reduce the temporary water 
storage capacity of the floodplain or result in 
washout of solid waste, so as to pose a hazard to 
human life, wildlife, or land or water resources.

Will be attained.  The design specifications and required 
construction procedures would ensure that the 
implementation of Alternative HBHA-4 will not restrict the 
flow of a 100-year flood, reduce the temporary water 
storage capacity of the floodplain or result in washout of 
solid waste, so as to pose a hazard to human life, wildlife, 
or land or water resources.

Federal 
Regulatory 
Requirements

RCRA Floodplain Restrictions for 
Hazardous Waste Facilities 
40 CFR 264.18(b)

Relevant and 
Appropriate

A hazardous waste treatment, storage, or 
disposal facility located in a 100-year floodplain 
must be designed, constructed, operated, and 
maintained to prevent washout or to result in no 
adverse effects on human health or the 
environment if washout were to occur.

Will be attained.  The design specifications and required 
construction procedures would ensure that any treatment, 
storage or disposal of hazardous waste undertaken 
pursuant to Alternative HBHA-4 will not restrict the flow of a 
100-year flood, reduce the temporary water storage 
capacity of the floodplain or result in washout of solid 
waste, so as to pose a hazard to human life, wildlife, or 
land or water resources.

Fish and Wildlife Coordination Act 
 and regulations,
16 USC 662, 663
40 CFR 6.302(g)

Applicable Requires consultation with appropriate agencies 
to protect fish and wildlife when federal actions 
may alter waterways.  Must develop measures to 
prevent and mitigate potential loss to the 
maximum extent possible.

Alternative HBHA-4 will comply with this ARAR.  
Consultations with the USFWS will be made during the 
design phase.
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State 
Regulatory 
Requirements

Massachusetts Wetlands 
Protection Act and Regulations, 
MGL c. 131 § 40, 310 CMR 
10.00

Applicable Regulations restrict dredging, filling, altering, or 
polluting inland wetland resource areas and 
impose performance standards for work in such 
areas.  Protected resource areas include: 10.54 
(Bank); 10.55 (Bordering Vegetated Wetlands); 
10.56 (Land under Water); 10.57 (Bordering 
Land subject to Flooding); and 10.58 (Riverfront 
Area).

Will be attained because (a) there is no practicable 
alternative that would be less damaging to resource areas; 
(b) all practical measures would be taken to minimize 
adverse impacts on wetlands; (c) stormwater discharges 
would be controlled through best management practices 
(BMPs); (d) actions would be taken to minimize impact of 
hydrologic changes during the work to the extent 
practicable; (e) after completion of the work, there would
be no significant net loss of flood storage capacity and no 
significant net increase in flood storage or velocities; and (f) 
disturbed vegetation, river, and riverbank would be 
restored.

Water Quality Certification for 
Discharge of Dredged or Fill 
Material, Dredging and Dredged 
Material Disposal in Waters of the 
United States within the 
Commonwealth, 314 CMR 9.06

Applicable For discharge of dredged or fill material, there 
must be no practicable alternative with less 
adverse impact on aquatic ecosystem; must take 
practicable steps to minimize adverse impacts on 
wetlands or land under water; stormwater 
discharges must be controlled with BMPs; must 
be no substantial adverse impact to physical, 
chemical, or biological integrity of surface waters.

Will be attained because (a) there is no practicable 
alternative with less adverse impact on the aquatic 
ecosystem; (b) all practical measures would be taken to 
minimize adverse impacts on wetlands and land under 
water; (c) stormwater discharges would be controlled 
through BMPs; and (d) there would be no substantial long-
term adverse impacts to integrity of river waters

Water Quality Certification for 
Discharge of Dredged or Fill 
Material, Dredging and Dredged 
Material Disposal in Waters of the 
United States within the 
Commonwealth, 314 CMR 9.07

Applicable Hydraulic or mechanical dredging allowed; must 
avoid fisheries impacts.

Will be attained.  There are no significant fisheries in area 
at present and aquatic habitat will be restored.
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AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements 

National Pollutant Discharge 
Elimination System 
(NPDES),40 CFR 122

Applicable Regulates the discharge of water into public surface
waters.  Major requirements include the following:
 Use of best available technology economically 

achievable is required to control toxic and non-
conventional pollutants.  Use of best conventional 
pollutant control technology is required to control 
conventional pollutants.  Technology-based 
limitations may be determined on a case-by-case 
basis.

 Applicable federally-approved state water quality 
standards must be complied with.  These 
standards may be in addition to or more stringent 
than other federal standards under the CWA.

HBHA-4 would comply with this ARAR. Design 
specifications for the dredging methods and 
procedures and design of the dewatering 
treatment system would ensure that HBHA-4 
would comply with applicable standards.

Clean Water Act, Ambient 
Water Quality Criteria, 33 
U.S.C. § 1314, 40 CFR 
131.36(b)(1)

Relevant and 
Appropriate

National recommended criteria for surface water quality. 
For protection of freshwater aquatic life due to chronic 
exposure:  
Arsenic Criteria: 190  ug/L 
Benzene: 46 ug/L 

AWQC for arsenic and other site-related 
constituents would be achieved at the point of 
compliance (south of the HBHA cofferdam) and 
in the river downstream of the cofferdam.  

State Regulatory 
Requirements

Massachusetts Surface Water 
Quality Standards 314 CMR 
4.05(5)(e)

Applicable Establishes federal water quality criteria as allowable 
water quality concentrations. Allows for site-specific 
criteria where federal criteria are invalid due to site-
specific characteristics.

See above discussion of federal water quality 
criteria.  

Criteria, 
Advisories, and 
Guidance

EPA Health Advisories, 
Human Health Risk 
Assessment Guidance, and 
Ecological Risk Assessment 
Guidance

To Be 
Considered

These advisories and guidance documents provide 
guidance for developing health risk information and 
environmental assessments at Superfund sites.

Risk guidance documents were used to evaluate 
human health and ecological risks associated 
with site-related contaminants and to develop 
PRGs.
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HBHA POND SEDIMENTS
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EVALUATION CRITERIA DETAILED ANALYSIS

1. Overall Protection of Human Health and the Environment

Human Health Protection

The results of the baseline human health risk assessment did not identify unacceptable human health risk from sediment in the 
HBHA Pond.  No human health risks would result from the implementation of this alternative.
The partial removal of contaminated sediment from the HBHA Pond, prevention of stormwater flows that serve to resuspend 
sediment in the northern portion of the HBHA Pond, and retention of suspended sediment in the northern portion of the Pond 
would eliminate the transport pathway that is currently enabling the mobilization of contaminated sediment from the Pond to 
downstream depositional areas.  Prevention of sediment transport would prevent the potential for future human health risks 
resulting from downstream deposition of contaminated sediment originating from the HBHA Pond.

Environmental Protection

The results of the baseline ecological risk assessment indicated unacceptable ecological risks to benthic communities in the 
HBHA Pond due to exposure to contaminants in sediment.  This alternative would involve the partial removal of sediment that is 
the source of the ecological risk and replacement of contaminated sediment with material that would provide a new ecosystem for 
benthic invertebrates in the Pond.  In this portion of the pond, this alternative would be protective of the environment.
In the northern portion of the Pond (see Figure 4-3), contaminated sediment would remain, but alterations would be made to the 
Pond to prevent resuspension and downstream transport of contaminated sediment.  In the northern portion of the pond, 
ecological risks associated with contaminated sediment would remain, but an alternate habitat would be created at an off-site 
location to compensate for the 1-acre pond habitat that would be lost to this alternative.
If groundwater located upgradient from the Pond, that currently discharges to the Pond, is not treated to remove arsenic and 
benzene, the protectiveness of this alternative would not be impacted, since the alternative is designed to contain contaminated 
sediments within the northern portion of the modified HBHA Pond.

2. Compliance with ARARs

Chemical-Specific ARARs This alternative would comply with the pertinent chemical-specific ARARs that are presented on Table 4-16C.

Location-Specific ARARs This alternative would comply with the pertinent location-specific ARARs that are presented on Table 4-16B.

Action-Specific ARARs This alternative would comply with the pertinent action-specific ARARs that are presented on Table 4-16A.

Other Criteria, Advisories, and Guidance This alternative will comply with the PRGs for HBHA Pond sediments that were established based on ecological risk assessment 
guidance.
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EVALUATION CRITERIA DETAILED ANALYSIS

3. Long-Term Effectiveness and Permanence

Magnitude of Residual Risk

The magnitude of residual ecological risk that would result from the implementation of this alternative would be moderate since 
sediment with concentrations of arsenic that exceed the ecological risk-based PRG for arsenic would be removed from the 
southern portion of the Pond and replaced with clean material.  This would prevent future migration of contaminants to 
downstream areas that might present unacceptable human health risks in the future.
Residual ecological risks would remain in the northern portion of the HBHA Pond, since no contaminated sediment removal would 
be performed.  The modifications to the Pond would prevent the migration of contaminated sediment from the northern portion of 
the Pond, so potential human health or ecological risks in downstream areas resulting from contamination in the HBHA Pond 
would be eliminated.
Residual risks from contaminated groundwater discharges to the Pond would be minimal since modifications to the HBHA Pond 
would prevent contaminated sediment from migrating to downstream areas.  Arsenic and benzene contamination that enters the 
Pond via groundwater discharge would continue to be sequestered by the geochemistry of the Pond, but would be prevented from 
transport.  Since contamination would remain on-site above levels that allow for unlimited use and unrestricted exposure, five-
year reviews would be required for the HBHA Pond sediments.

Adequacy and Reliability of Controls

Hydraulic dredging is a well developed technology for the removal of sediment from the bottom of surface water bodies.  GPS 
technology can be used to ensure that the entire Pond bottom is dredged.  The hydraulic dredging technology results in very little 
suspended sediment during dredging operations.
The surface water controls that are proposed under this alternative could be constructed to contain sediments within the northern 
portion of the Pond.
Considerable long-term management and monitoring would be required to verify the effectiveness of this alternative.  The types of 
activities that would be conducted include periodic inspection and maintenance of surface water controls, periodic removal of 
captured sediment at the base of containment structures at the southern edge of the sediment containment area, sediment and 
surface water sampling in the Pond, and periodic dredging of contaminated sediment that accumulates in the northern portion of 
the HBHA Pond from groundwater discharge and contaminant precipitation.
Replacement of components may be required after a period of time if erosion or other surface water flow forces compromise the 
integrity of dam or other flow-control structures.
If sediment containment measures were to fail because of the above-mentioned forces, short-term releases of contaminated 
sediment could result, impacting the southern portion of the Pond and potentially the Halls Brook Holding Area.  Flow controls and 
O&M procedures would be designed to prevent releases of contaminated sediment.
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EVALUATION CRITERIA DETAILED ANALYSIS

4. Reduction of Toxicity, Mobility, and Volume Through Treatment

Treatment Process Used and Materials 
Treated

This alternative involves the construction of flow control structures in the northern portion of the Pond that would essentially create 
a sedimentation basin that will promote sediment deposition in this portion of the Pond so that it does not migrate to downstream 
portions of the Site.
Dewatering effluent that accumulates from dredged sediment would need to be treated to remove contaminants prior to returning 
it to the environment.  A sand filter would be used to remove arsenic from liquids.

Amount of Hazardous Materials Destroyed or 
Treated

No hazardous materials would be destroyed under this alternative.  Hazardous materials would be removed from surface water or 
dewatering effluent, but not destroyed.

Degree of Expected Reductions in Toxicity, 
Mobility, and Volume

The mobility of contaminants in sediment in the northern portion of the pond would be reduced through the construction of surface 
water flow controls.
Dewatering effluent would be treated so that contaminant levels are suitable for discharge back to the environment.

Degree to Which Treatment is Irreversible

The mobility of contaminated sediments could be reversible if the controls that are constructed in the northern portion of the Pond 
were not sufficient to restrict the migration of suspended sediment.
Treatment of dewatering effluent would be irreversible, since contaminants would be removed from liquids prior to discharge back 
to the environment.

Type and Quantity of Residuals Remaining 
After Treatment

Residual contaminated sediment would accumulate at the bottom of the HBHA Pond, and would be periodically dredged and 
transported to an off-site disposal facility.
Sand media that would be used to treat dewatering effluent would need to be regenerated or disposed of.  The quantity of 
residuals would be dependent upon the water content of the dredged sediments.

5. Short-Term Effectiveness

Protection of Community During Remedial 
Actions

Potential impacts to the community during implementation of this alternative would include increased truck traffic that would be 
necessary to provide dredging support, off-site transportation of dredged material, and surface water flow control structure 
construction activities.  These potential impacts would be mitigated or eliminated through the development of traffic and noise 
mitigation plans and the use of decontamination procedures to prevent the spread of contaminants.

Protection of Workers During Remedial 
Actions

Potential risks to workers during the construction of the cap would include physical hazards associated with underwater 
construction and exposure to contaminants.
Health and safety measures, decontamination facilities, and other engineering controls would be used to mitigate or eliminate 
these potential risks.  There would be no risks to workers that could not be readily controlled.
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EVALUATION CRITERIA DETAILED ANALYSIS

5. Short-Term Effectiveness (cont.)

Environmental Impacts

Impacts to the environment from the dredging of sediment in the Pond would include the potential destruction of benthic 
communities and aquatic habitats resulting from the removal of a large volume of sediment from the bottom of the Pond.
Any destruction of habitat from the dredging of sediment from the Pond would likely be short term in nature, as new habitats 
would likely develop in the cleaned up portions of the Pond.

Time Until Remedial Action Objectives are 
Achieved

RAOs for the protection of the environment would be achieved as soon as the construction and development of the alternate 
habitat was completed.  This could take up to two years.  Time frames could be longer if property acquisition for the purpose of 
constructing the alternate habitat becomes difficult.

6. Implementability

Ability to Construct and Operate the 
Technology

Difficulties or uncertainties associated with dredging, dewatering, and off-site disposal of sediment would be minimal.  Hydraulic 
dredging is a well-developed sediment removal technology, and dewatering facilities could easily be constructed to handle the 
anticipated volume of material that would be handled.  No uncertainties or difficulties would be anticipated with the construction of 
a stormwater bypass or sediment retention system in the northern portion of the HBHA Pond.

Reliability of the Technology

Hydraulic dredging is a reliable technology that would use GPS to ensure that the entire contaminated area is addressed.  No 
delays would be expected from technical problems other than those typically associated with large-scale dredging projects.
No technical problems would be anticipated from the construction of a stormwater bypass and sediment retention system in the 
HBHA Pond beyond those typically associated with construction in an aquatic environment.

Ease of Undertaking Additional Remedial 
Actions, if Necessary

Future remedial actions might be necessary if stormwater bypass/sediment retention is not adequate to prevent downstream 
migration of contaminants.  Additional remedial actions could be implemented rather easily.

Ability to Monitor Effectiveness of Remedy Sediment and surface water monitoring would be used to evaluate the effectiveness of the remedy.  There would be no risks of 
exposure that could not be adequately monitored.

Ability to Obtain Approvals from Other 
Agencies Approvals from other agencies would not be required to implement this alternative.

Coordination with Other Agencies Coordination with other agencies would not be required to implement this alternative.

Availability of Off-Site Treatment, Storage, and 
Disposal Services and Capacity Capacity for off-site disposal of sediment under this alternative would be available.

Availability of Necessary Equipment and 
Specialists The equipment and technical specialists required to implement this alternative would be available.
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EVALUATION CRITERIA DETAILED ANALYSIS

6. Implementability (cont.)

Availability of Prospective Technologies Hydraulic dredging has been sufficiently demonstrated to be effective, and is currently available for full-scale use.  Several 
vendors would be available to provide bids on the project.

7. Cost

Capital Costs $4,833,000

Operations and Maintenance Costs $144,000/year; $1,136,500 every five years for sediment dredging.

Present Worth Costs $8,237,000



TABLE 4-17A
ALTERNATIVE HBHA-5 (REMOVAL AND OFF-SITE DISPOSAL)

ACTION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

Federal 
Regulatory 
Requirements

Statement of Procedures 
on Wetlands Protection ,40 
CFR Part 6, App. A, Exec. 
Order 11990 (1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever possible, the 
long and short term impacts associated with the 
destruction of wetlands, and wetlands development 
wherever there is a practicable alternative in accordance 
with Executive Order 11990.  

Will be attained.  There is no practicable alternative method 
to work in wetlands with less adverse impact and all 
practicable measures would be taken to minimize and 
mitigate any adverse impacts.  Erosion and sedimentation 
control measures would be adopted during construction and
restoration activities.

Executive Order for 
Floodplain Management
Exec. Order 11988 (1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the risk of flood 
loss, minimize impact of floods, and restore and preserve 
the natural and beneficial values of floodplains.

Will be attained.  There is no practical alternative method to 
work in floodplains with less adverse impact and all 
practicable measures would be taken to minimize and 
mitigate any adverse impacts.  Erosion and sedimentation 
control measures would be adopted during construction and 
restoration activities.

Clean Water Act §404, and 
regulations,  33 USC 1344, 
 40 CFR, 230, 

Applicable For discharge of dredged or fill material into water bodies 
or wetlands, there must be no practical alternative with 
less adverse impact on aquatic ecosystem; discharge 
cannot cause or contribute to violation of state water 
quality standard or toxic effluent standard or jeopardize 
threatened or endangered (T&E) species; discharge 
cannot significantly degrade waters of U.S.; must take 
practicable steps to minimize and mitigate adverse 
impacts; must evaluate impacts on flood level, flood 
velocity, and flood storage capacity.

Will be attained because (a) there is no practical alternative 
method that would achieve the cleanup objective with less 
adverse impact; (b) all practical measures would be taken to 
minimize and mitigate any adverse impacts from the work; (c) 
there is no likely impact on T&E species; (d) actions would
be taken to minimize impact of hydrologic changes during 
the work; (e) after completion of the work, there would be no 
significant net loss of flood storage capacity, and no 
significant net increase in flood stage or velocities; and (f) 
river and riverbanks would be restored and habitat will be 
improved. Appropriate mitigation to compensate the 
continuing deposition of contaminants into the northern 
portion of HBHA Pond would be required to replace lost and 
impaired functions and values.

RCRA Identification and 
Listing of Hazardous 
Wastes, 40 CFR 261.3

Applicable or 
Relevant and 
Appropriate

Criteria for determining if a waste or contaminated media 
is a hazardous waste subject to regulation. If a 
contaminated media exhibits the characteristics of a 
hazardous waste, RCRA hazardous waste regulations 
are applicable.   If a contaminated media is sufficiently 
similar to listed RCRA hazardous wastes, these 
regulations are relevant and appropriate.

EPA will assess the contaminated sediments using this 
criterion to determine whether they should be managed as 
hazardous waste.
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AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

Federal 
Regulatory 
Requirements
(cont.)

RCRA Hazardous Waste 
Regulations (Storage and 
Disposal of Hazardous 
Waste) 40 CFR Part 262, 
Subpart A, 40 CFR Part 
264, Subparts I and J

Applicable Will be attained.  Any contaminated materials or 
contaminated equipment would be managed and stored in 
accordance with the substantive requirements of the cited 
regulations prior to being sent off-site for disposal.  Disposal 
regulations would also be complied with for any off-site 
disposal.

Fish and Wildlife 
Coordination Act  and 
regulations,
16 USC 662, 663
40 CFR 6.302(g)

Applicable Requires consultation with appropriate agencies to 
protect fish and wildlife when federal actions may alter 
waterways.  Must develop measures to prevent and 
mitigate potential loss to the maximum extent possible.

Alternative HBHA-5 would comply with this ARAR.  
Consultations with the USFWS will be made during the 
design phase.

National Pollutant 
Discharge Elimination 
System (NPDES),40 CFR 
122

Applicable Regulates the discharge of water into public surface 
waters.  Major requirements include the following:
Use of best available technology economically 

achievable is required to control toxic and non-
conventional pollutants.  Use of best conventional 
pollutant control technology is required to control 
conventional pollutants.  Technology-based limitations 
may be determined on a case-by-case basis.

Applicable federally-approved state water quality 
standards must be complied with.  These standards 
may be in addition to or more stringent than other 
federal standards under the CWA.

Alternative HBHA-5 will comply with this ARAR. Design 
specifications for the dredging methods and procedures and 
design of the dewatering treatment system would ensure that 
HBHA-5 would comply with applicable standards.
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AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

State 
Regulatory 
Requirements

Massachusetts Wetlands 
Protection Act and 
Regulations, MGL c. 131 § 
40
310 CMR 10.00

Applicable Regulations restrict dredging, filling, altering, or polluting 
inland wetland resource areas and impose performance 
standards for work in such areas.  Protected resource 
areas include: 10.54 (Bank); 10.55 (Bordering Vegetated 
Wetlands); 10.56 (Land under Water); 10.57 (Bordering 
Land subject to Flooding); and 10.58 (Riverfront Area).

Will be attained because (a) there is no practicable 
alternative method that would be less damaging to resource 
areas; (b) all practical measures would be taken to minimize 
adverse impacts on wetlands; (c) stormwater discharges 
would be controlled through best management practices 
(BMPs); (d) actions would be taken to minimize impact of 
hydrologic changes during the work to the extent practicable; 
(e) after completion of the work, there would be no significant 
net loss of flood storage capacity and no significant net 
increase in flood storage or velocities; and (f) disturbed 
vegetation, river, and riverbank would be restored.

Massachusetts Surface 
Water Quality Standards 
314 CMR 4.05(5)(e)

Applicable Establishes federal water quality criteria as allowable 
water quality concentrations. Allows for site-specific 
criteria where federal criteria are invalid due to site-
specific characteristics.

See above discussion of federal water quality criteria.  

Water Quality Certification 
for Discharge of Dredged or 
Fill Material, Dredging and 
Dredged Material Disposal 
in Waters of the United 
States within the 
Commonwealth, 314 CMR 
9.06 

Applicable For discharge of dredged or fill material, there must be no 
practicable alternative with less adverse impact on 
aquatic ecosystem; must take practicable steps to 
minimize adverse impacts on wetlands or land under 
water; stormwater discharges must be controlled with 
BMPs; must be no substantial adverse impact to 
physical, chemical, or biological integrity of surface 
waters.

Will be attained because (a) there is no practicable 
alternative method with less adverse impact on the aquatic 
ecosystem; (b) all practical measures would be taken to 
minimize adverse impacts on wetlands and land under water; 
(c) stormwater discharges would be controlled through 
BMPs; and (d) there would be no substantial long-term 
adverse impacts to integrity of river waters

Water Quality Certification 
for Discharge of Dredged or 
Fill Material, Dredging and 
Dredged Material Disposal 
in Waters of the United 
States within the 
Commonwealth, 314 CMR 
9.07

Applicable Hydraulic or mechanical dredging allowed; must avoid 
fisheries impacts.

Will be attained.  There are no significant fisheries in area at 
present and aquatic habitat will be restored.



TABLE 4-17A (cont.)
ALTERNATIVE HBHA-5 (REMOVAL AND OFF-SITE DISPOSAL)
ACTION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 4 OF 4

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

State 
Regulatory 
Requirements
(cont.)

Mass. Hazardous Waste 
Regulations (Storage and 
Disposal of Hazardous 
Waste), 310 CMR 30.300, 
30.680, 30.690
310 CMR 30.340

Applicable Section 30.300 identifies the requirements for disposal of 
hazardous waste; Sections 30.680 and 30.690 identify 
requirements for long-term storage of RCRA hazardous 
waste in containers and tank systems similar to federal 
RCRA storage requirements identified above.  Section 
30.340 allows on-site accumulation of hazardous waste 
for up to 90 days and is also similar to federal RCRA 
storage requirements identified above. 

See discussion of federal RCRA Hazardous Waste 
Regulations above.
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ALTERNATIVE HBHA-5 (REMOVAL AND OFF-SITE DISPOSAL)

LOCATION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

Statement of Procedures on 
Wetlands Protection 40 CFR 
Part 6, App. A, Exec. Order 
11990 (1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever possible, the 
long and short term impacts associated with the 
destruction of wetlands, and wetlands development 
wherever there is a practicable alternative in 
accordance with Executive Order 11990.

Will be attained.  There is no practicable alternative method 
to work in wetlands with less adverse impact and all 
practicable measures would be taken to minimize and
mitigate any adverse impacts.  Erosion and sedimentation 
control measures would be adopted during construction and 
restoration activities.

Executive Order for 
Floodplain Management
Exec. Order 11988 (1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the risk of 
flood loss, minimize impact of floods, and restore and 
preserve the natural and beneficial values of 
floodplains.

Will be attained.  There is no practical alternative method to 
work in floodplains with less adverse impact and all 
practicable measures would be taken to minimize and 
mitigate any adverse impacts.  Erosion and sedimentation 
control measures would be adopted during construction and 
restoration activities.

RCRA Floodplain 
Restrictions for Solid Waste 
Disposal Facilities and 
Practices
40 CFR 257.3-1

Relevant 
and 

Appropriate

Solid waste practices must not restrict the flow of a 
100-year flood, reduce the temporary water storage 
capacity of the floodplain or result in washout of solid 
waste, so as to pose a hazard to human life, wildlife, or 
land or water resources.

Will be attained.  The design specifications and required 
construction procedures would ensure that the 
implementation of Alternative HBHA-5 will not restrict the flow 
of a 100-year flood, reduce the temporary water storage 
capacity of the floodplain or result in washout of solid waste, 
so as to pose a hazard to human life, wildlife, or land or water 
resources.

Federal 
Regulatory 
Requirements

RCRA Floodplain 
Restrictions for Hazardous 
Waste Facilities 
40 CFR 264.18(b)

Relevant 
and 

Appropriate

A hazardous waste treatment, storage, or disposal 
facility located in a 100-year floodplain must be 
designed, constructed, operated, and maintained to 
prevent washout or to result in no adverse effects on 
human health or the environment if washout were to 
occur.

Will be attained.  The design specifications and required 
construction procedures would ensure that any treatment, 
storage or disposal of hazardous waste undertaken pursuant 
to Alternative HBHA-5 will not restrict the flow of a 100-year 
flood, reduce the temporary water storage capacity of the 
floodplain or result in washout of solid waste, so as to pose a 
hazard to human life, wildlife, or land or water resources.

Fish and Wildlife 
Coordination Act  and 
regulations,
16 USC 662, 663
40 CFR 6.302(g)

Applicable Requires consultation with appropriate agencies to 
protect fish and wildlife when federal actions may alter 
waterways.  Must develop measures to prevent and 
mitigate potential loss to the maximum extent possible.

Alternative HBHA-5 will comply with this ARAR.  
Consultations with the USFWS will be made during the 
design phase.
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AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

State 
Regulatory 
Requirements

Massachusetts Wetlands 
Protection Act and 
Regulations, MGL c. 131 § 
40, 310 CMR 10.00

Applicable Regulations restrict dredging, filling, altering, or 
polluting inland wetland resource areas and impose 
performance standards for work in such areas.  
Protected resource areas include: 10.54 (Bank); 
10.55 (Bordering Vegetated Wetlands); 10.56 (Land 
under Water); 10.57 (Bordering Land subject to 
Flooding); and 10.58 (Riverfront Area).

Will be attained because (a) there is no practicable alternative 
method that would be less damaging to resource areas; (b) 
all practical measures would be taken to minimize adverse 
impacts on wetlands; (c) stormwater discharges would be 
controlled through best management practices (BMPs); (d) 
actions would be taken to minimize impact of hydrologic 
changes during the work to the extent practicable; (e) after 
completion of the work, there would be no significant net loss 
of flood storage capacity and no significant net increase in 
flood storage or velocities; and (f) disturbed vegetation, river, 
and riverbank would be restored.

Water Quality Certification 
for Discharge of Dredged or 
Fill Material, Dredging and 
Dredged Material Disposal in 
Waters of the United States 
within the Commonwealth, 
314 CMR 9.06

Applicable For discharge of dredged or fill material, there must be 
no practicable alternative with less adverse impact on 
aquatic ecosystem; must take practicable steps to 
minimize adverse impacts on wetlands or land under 
water; stormwater discharges must be controlled with 
BMPs; must be no substantial adverse impact to 
physical, chemical, or biological integrity of surface 
waters.

Will be attained because (a) there is no practicable alternative 
method with less adverse impact on the aquatic ecosystem; 
(b) all practical measures would be taken to minimize adverse 
impacts on wetlands and land under water; (c) stormwater 
discharges would be controlled through BMPs; and (d) there 
would be no substantial long-term adverse impacts to 
integrity of river waters

Water Quality Certification 
for Discharge of Dredged or 
Fill Material, Dredging and 
Dredged Material Disposal in 
Waters of the United States 
within the Commonwealth, 
314 CMR 9.07

Applicable Hydraulic or mechanical dredging allowed; must avoid 
fisheries impacts.

Will be attained.  There are no significant fisheries in area at 
present and aquatic habitat will be restored.
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ALTERNATIVE HBHA-5 (REMOVAL AND OFF-SITE DISPOSAL)

CHEMICAL-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF           Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements 

National Pollutant Discharge 
Elimination System 
(NPDES),40 CFR 122

Applicable Regulates the discharge of water into public surface
waters.  Major requirements include the following:
 Use of best available technology economically 

achievable is required to control toxic and non-
conventional pollutants.  Use of best 
conventional pollutant control technology is 
required to control conventional pollutants.  
Technology-based limitations may be 
determined on a case-by-case basis.

 Applicable federally-approved state water 
quality standards must be complied with.  
These standards may be in addition to or more 
stringent than other federal standards under 
the CWA.

HBHA-5 would comply with this ARAR. Design 
specifications for the dredging methods and 
procedures and design of the dewatering treatment 
system would ensure that HBHA-5 would comply 
with applicable standards.

Clean Water Act, Ambient 
Water Quality Criteria, 33 
U.S.C. § 1314, 40 CFR 
131.36(b)(1)

Relevant and 
Appropriate

National recommended criteria for surface water 
quality. For protection of freshwater aquatic life due 
to chronic exposure:  
Arsenic Criteria: 190  ug/L 
Benzene: 46 ug/L 

AWQC for arsenic and other site-related 
constituents will be attained once the source of 
contaminated groundwater discharges is eliminated.  

State Regulatory 
Requirements

Massachusetts Surface Water 
Quality Standards 314 CMR 
4.05(5)(e)

Applicable Establishes federal water quality criteria as 
allowable water quality concentrations. Allows for 
site-specific criteria where federal criteria are invalid 
due to site-specific characteristics.

See above discussion of federal water quality 
criteria.  

Criteria, 
Advisories, and 
Guidance

EPA Health Advisories, 
Human Health Risk 
Assessment Guidance, and 
Ecological Risk Assessment 
Guidance

To Be 
Considered

These advisories and guidance documents provide 
guidance for developing health risk information and 
environmental assessments at Superfund sites.

Risk guidance documents were used to evaluate 
human health and ecological risks associated with 
site-related contaminants and to develop PRGs.
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DRAFT FINAL MSGRP FEASIBILITY STUDY
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WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

1. Overall Protection of Human Health and the Environment

Human Health Protection

The results of the baseline human health risk assessment did not identify unacceptable human health risk from sediment in the 
HBHA Pond.  No human health risks would result from the implementation of this alternative.
The removal of contaminated sediment from the HBHA Pond would eliminate the transport pathway that is currently enabling the 
mobilization of contaminated sediment from the Pond to downstream depositional areas.  Prevention of sediment transport would 
prevent the potential for future human health risks resulting from downstream deposition of contaminated sediment originating from 
the HBHA Pond.

Environmental Protection

The results of the baseline ecological risk assessment indicated unacceptable ecological risks to benthic communities in the HBHA 
Pond due to exposure to contaminants in sediment.  This alternative would involve the removal of sediment that is the source of 
the ecological risk and replacement of contaminated sediment with material that would provide a new ecosystem for benthic 
invertebrates in the Pond.
If groundwater located upgradient from the Pond, that currently discharges to the Pond, is not treated to remove arsenic and 
benzene, the protectiveness of this alternative would be limited since contaminant transport to the Pond would persist and Pond 
sediments would be recontaminated.

2. Compliance with ARARs

Chemical-Specific ARARs This alternative would comply with the pertinent chemical-specific ARARs that are presented on Table 4-17C.

Location-Specific ARARs This alternative would comply with the pertinent location-specific ARARs that are presented on Table 4-17B.

Action-Specific ARARs This alternative would comply with the pertinent action-specific ARARs that are presented on Table 4-17A.

Other Criteria, Advisories, and Guidance This alternative will comply with the PRGs for HBHA Pond sediment that were established based on ecological risk assessment 
guidance.

3. Long-Term Effectiveness and Permanence

Magnitude of Residual Risk

The magnitude of residual ecological risk that would result from the implementation of this alternative would be low since all 
sediment with concentrations of arsenic that exceed the ecological risk-based PRG for arsenic would be removed from the Pond 
and replaced with clean material.  Residual risks would remain if the groundwater that discharges to the Pond is not remediated to 
remove arsenic and benzene contamination that contributes to ecological risks in the Pond. 
Since no contamination would remain on-site above levels that allow for unlimited use and unrestricted exposure, five-year reviews 
would not be required for the HBHA Pond sediments.
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EVALUATION CRITERIA DETAILED ANALYSIS

3. Long-Term Effectiveness and Permanence (cont.)

Adequacy and Reliability of Controls

Hydraulic dredging is a well developed technology for the removal of sediment from the bottom of surface water bodies.  GPS 
technology can be used to ensure that the entire Pond bottom is dredged.  The hydraulic dredging technology results in very little 
suspended sediment during dredging operations.
Since no sediment would remain in the Pond in excess of the ecological risk-based PRG for sediment, no long-term management 
or monitoring would be required for this alternative.  No operation and maintenance would be required for the HBHA Pond.
If groundwater located upgradient from the Pond is not treated to remove contaminants, monitoring of sediment and surface water 
contamination in the Pond would be required to periodically assess the level of recontamination that is occurring due to 
contaminant discharges to the Pond.

4. Reduction of Toxicity, Mobility, and Volume Through Treatment

Treatment Process Used and Materials 
Treated

Dewatering effluent that accumulates from dredged sediment would need to be treated to remove contaminants prior to returning it 
to the environment.  A sand filter would be used to remove arsenic from liquids.

Amount of Hazardous Materials Destroyed or 
Treated

No hazardous materials would be destroyed under this alternative.  Contaminants would be removed from dewatering effluent, but 
not destroyed.

Degree of Expected Reductions in Toxicity, 
Mobility, and Volume Dewatering effluent would be treated so that contaminant levels are suitable for discharge back to the environment.

Degree to Which Treatment is Irreversible Treatment of dewatering effluent would be irreversible, since contaminants would be removed from liquids prior to discharge back 
to the environment.

Type and Quantity of Residuals Remaining 
After Treatment

Sand media that would be used to treat dewatering effluent would need to be regenerated or disposed of.  The quantity of 
residuals would be dependent upon the water content of the dredged sediments.

5. Short-Term Effectiveness

Protection of Community During Remedial 
Actions

Potential impacts to the community during implementation of this alternative would include increased truck traffic that would be 
necessary to provide dredging support and off-site transportation of dredged material.  These potential impacts would be mitigated 
or eliminated through the development of traffic and noise mitigation plans and the use of decontamination procedures to prevent 
the spread of contaminants.

Protection of Workers During Remedial 
Actions

Potential risks to workers during the construction of the cap would include physical hazards associated with underwater 
construction and exposure to contaminants.
Health and safety measures, decontamination facilities, and other engineering controls would be used to mitigate or eliminate 
these potential risks.  There would be no risks to workers that could not be readily controlled.
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5. Short-Term Effectiveness (cont.)

Environmental Impacts

Impacts to the environment from the dredging of sediment in the Pond would include the potential destruction of benthic 
communities and aquatic habitats resulting from the removal of a large volume of sediment from the bottom of the Pond.
Any destruction of habitat from the dredging of sediment from the Pond would likely be short term in nature, as new habitats would 
be provided by the placement of clean substrate material selected to facilitate the redevelopment of benthic communities in the 
Pond.

Time Until Remedial Action Objectives are 
Achieved

The anticipated duration of construction activities required to dredge and restore the HBHA Pond would be approximately 6 
months.  After this time period, RAOs for the protection of the environment in the Pond would be achieved.

6. Implementability

Ability to Construct and Operate the 
Technology

Difficulties or uncertainties associated with dredging, dewatering, and off-site disposal of sediment would be minimal.  Hydraulic 
dredging is a well-developed sediment removal technology, and dewatering facilities could easily be constructed to handle the 
anticipated volume of material that would be handled.

Reliability of the Technology Hydraulic dredging is a reliable technology that would use GPS to ensure that the entire contaminated area is addressed.  No 
delays would be expected from technical problems other than those typically associated with large-scale dredging projects.

Ease of Undertaking Additional Remedial 
Actions, if Necessary

Future remedial actions might be necessary if groundwater that discharges to the HBHA Pond is not remediated, since Pond 
sediments would likely be recontaminated by the transport of arsenic and benzene into the Pond.  Additional remedial actions 
could be implemented rather easily.

Ability to Monitor Effectiveness of Remedy Sediment and surface water monitoring would be used to evaluate the effectiveness of the remedy.  Pond bottom surveys might 
also be used to verify that the entire area of contaminated sediment has been removed.

Ability to Obtain Approvals from Other 
Agencies Approvals from other agencies would not be required to implement this alternative.

Coordination with Other Agencies Coordination with other agencies would not be required to implement this alternative.

Availability of Off-Site Treatment, Storage, and 
Disposal Services and Capacity

The capacity for the off-site disposal of sediments that would be dredged under this alternative would be readily available from 
several facilities.

Availability of Necessary Equipment and 
Specialists The equipment and technical specialists required to implement this alternative would be available.

Availability of Prospective Technologies Hydraulic dredging has been sufficiently demonstrated to be effective, and is currently available for full-scale use.  Several vendors 
would be available to provide bids on the project.
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WOBURN, MASSACHUSETTS
PAGE 4 OF 4

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

7. Cost

Capital Costs $3,560,000

Operations and Maintenance Costs $95,000/yr for years 1-3 only

Present Worth Costs $3,810,000



TABLE 4-18A
ALTERNATIVE NS-1 (NO ACTION)

ACTION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements

National Recommended Water 
Quality Criteria Clean Water Act-
Section 304(a)(1)

Relevant and 
Appropriate

Provides surface water quality standards for a number 
of organic and inorganic contaminants.

This ARAR may not be attained since 
contaminated sediments that are left in place 
may provide a source of contaminants to 
surface water.

State Regulatory 
Requirements

Massachusetts Surface Water 
Quality Standards 314 CMR 
4.05(5)(e)

Relevant and 
Appropriate

Establishes federal water quality criteria as allowable 
water quality concentrations. Allows for site-specific 
criteria where federal criteria are invalid due to site-
specific characteristics.

This ARAR may not be attained since 
contaminated sediments that are left in place 
may provide a source of contaminants to 
surface water.



TABLE 4-18B
ALTERNATIVE NS-1 (NO ACTION)

LOCATION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

NA None NA There are no location-specific ARARs for 
Alternative NS-1. 

No action would be taken under Alternative NS-1 that 
will invoke a location-specific ARAR.



TABLE 4-18C
ALTERNATIVE NS-1 (NO ACTION)

CHEMICAL-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF           Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements

National Recommended 
Water Quality Criteria Clean 
Water Act-Section 304(a)(1)

Applicable Provides surface water quality standards for a 
number of organic and inorganic contaminants.

This ARAR would not be attained within the 
meaning of the statute.  EPA would need to waive 
this ARAR if this remedy is selected.

State Regulatory 
Requirements

Massachusetts Surface Water 
Quality Standards (314 CMR 
4.00)

Applicable Establishes federal water quality criteria as 
allowable water quality concentrations. Allows for 
site-specific criteria where federal criteria are invalid 
due to site-specific characteristics

This ARAR would not be attained within the 
meaning of the statute.  EPA would need to waive 
this ARAR if this remedy is selected.

Criteria, 
Advisories, and 
Guidance

Cancer Slope Factors (CSFs) To Be 
Considered

Guidance values used to evaluate the potential 
carcinogenic risk caused by exposure to 
contaminants. 

CSFs were used to evaluate health risks associated 
with site-related contaminants.

Reference Doses (RfDs) To Be 
Considered

Guidance values used to evaluate the potential non-
carcinogenic hazard caused by exposure to 
contaminants.  

RfDs were used to evaluate health risks associated 
with site-related contaminants.

EPA Health Advisories, 
Human Health Risk 
Assessment Guidance, and 
Ecological Risk Assessment 
Guidance

To Be 
Considered

These advisories and guidance documents provide 
guidance for developing health risk information and 
environmental assessments at Superfund sites.

Risk guidance documents were used to evaluate 
human health and ecological risks associated with 
site-related contaminants and to develop PRGs.

Massachusetts Contingency 
Plan (MCP – 310 CMR 
40.000)

To Be 
Considered

The MCP has established a set of risk-based 
threshold concentrations (UCLs) that must be 
attained in order to achieve a condition of no 
significant risk for groundwater or soil within a 
particular groundwater classification area.

UCLs were used to compare the risk-based PRGs 
developed for this Site.  The PRGs are below the 
UCLs.



TABLE 4-18D
DETAILED ANALYSIS OF ALTERNATIVE NS-1

NO ACTION – NEAR-SHORE SEDIMENT
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

1. Overall Protection of Human Health and the Environment

Human Health Protection

The results of the baseline human health risk assessment indicate that there is unacceptable potential risk to human health 
resulting from future exposures to arsenic and/or benzo(a)pyrene in sediment located at the edges of the Wells G&H Wetland and 
Cranberry Bog Conservation Area.  Because this alternative does not take action to mitigate these risks, this alternative does not 
provide any protection to human health.

Environmental Protection
The results of the baseline ecological risk assessment did not identify unacceptable risks to ecological receptors from exposure to 
sediment within the Wells G&H Wetland and Cranberry Bog Conservation Area.  Therefore, despite the fact that no actions would 
be taken under this alternative, no unacceptable ecological risks would result from the implementation of this alternative.

2. Compliance with ARARs

Chemical-Specific ARARs This alternative would not comply with chemical-specific ARARs identified on Table 4-18C.

Location-Specific ARARs Since there are no actions associated with this alternative, there are no location-specific ARARs identified.

Action-Specific ARARs This alternative would not comply with action-specific ARARs identified on Table 4-18A.

Other Criteria, Advisories, and Guidance This alternative would not comply with the PRGs established based on human health and ecological risk assessment guidance.

3. Long-Term Effectiveness and Permanence

Magnitude of Residual Risk

The magnitude of residual risk that would result from the selection of this alternative would be high since no actions would be 
taken to mitigate potential future exposures to sediment located at the edges of the Wells G&H Wetland and Cranberry Bog 
Conservation Area.  All of the potential risks associated with exposure to contaminants in near-shore sediment would remain.  
Five-year reviews would be required to periodically evaluate risks associated with on-site contamination. 

Adequacy and Reliability of Controls Since no actions would be taken under this alternative, no provisions would be taken to control future exposures to sediment.  No 
technologies would be utilized, therefore no operations and maintenance would be required.

4. Reduction of Toxicity, Mobility, and Volume Through Treatment

Treatment Process Used and Materials 
Treated This alternative does not employ a treatment process.

Amount of Hazardous Materials Destroyed or 
Treated No hazardous materials would be destroyed or treated under this alternative.

Degree of Expected Reductions in Toxicity, 
Mobility, and Volume

There would be no reduction in the toxicity, mobility, and volume of contaminants under this alternative beyond that which would 
occur naturally due to subsurface geochemical activity.



TABLE 4-18D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE NS-1
NO ACTION – NEAR-SHORE SEDIMENT
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 3

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

4. Reduction of Toxicity, Mobility, and Volume Through Treatment (cont.)

Degree to Which Treatment is Irreversible No treatment would be employed under this alternative.

Type and Quantity of Residuals Remaining 
After Treatment No treatment would be employed under this alternative.

5. Short-Term Effectiveness

Protection of Community During Remedial 
Actions No impacts to the community would result from this alternative since no actions would be taken.

Protection of Workers During Remedial 
Actions No impacts to workers would result from this alternative since no actions would be taken.

Environmental Impacts No impacts to the environment would result from this alternative since no actions would be taken.

Time Until Remedial Action Objectives are 
Achieved

Since no actions would be taken to address contamination that is the cause of unacceptable risks, remedial actions objectives for 
sediment at the edges of the Wells G&H Wetland and Cranberry Bog Conservation Area would not be achieved in the reasonably 
foreseeable future

6. Implementability

Ability to Construct and Operate the 
Technology No construction difficulties or uncertainties would be encountered under this alternative since no actions would be taken.

Reliability of the Technology No treatment technologies would be employed under this alternative.

Ease of Undertaking Additional Remedial 
Actions, if Necessary Additional remedial actions could be taken if necessary, but none would be taken under this alternative.

Ability to Monitor Effectiveness of Remedy Monitoring could be used to evaluate the degree of natural degradation that is occurring in sediment at the edges of the Wells 
G&H Wetland and Cranberry Bog Conservation Area.

Ability to Obtain Approvals from Other 
Agencies Because this alternative does not require any activities, no approvals would be required.

Coordination with Other Agencies Because this alternative does not require any activities, no coordination with other agencies would be required.

Availability of Off-Site Treatment, Storage, and 
Disposal Services and Capacity No off-site treatment, storage, and disposal would be required under this alternative.



TABLE 4-18D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE NS-1
NO ACTION – NEAR-SHORE SEDIMENT
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 3 OF 3

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

6. Implementability (cont.)

Availability of Necessary Equipment and 
Specialists No equipment or technical specialists would be required for this alternative.

Availability of Prospective Technologies No technologies are required for this alternative.

7. Cost

Capital Costs $0

Operations and Maintenance Costs $0

Present Worth Costs $0



TABLE 4-19A
ALTERNATIVE NS-2 (INSTITUTIONAL CONTROLS)

ACTION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements

National Recommended 
Water Quality Criteria Clean 
Water Act-Section 304(a)(1)

Relevant and 
Appropriate

Provides surface water quality standards for a number of 
organic and inorganic contaminants.

Will be attained.  Surface water monitoring 
would be conducted to confirm that sediment 
contamination that is left in place does not 
impact surface water.

State Regulatory 
Requirements

Massachusetts Surface 
Water Quality Standards 
314 CMR 4.05(5)(e)

Relevant and 
Appropriate

Establishes federal water quality criteria as allowable water 
quality concentrations. Allows for site-specific criteria where 
federal criteria are invalid due to site-specific characteristics.

Will be attained.  Surface water monitoring 
would be conducted to confirm that sediment 
contamination that is left in place does not 
impact surface water.



TABLE 4-19B
ALTERNATIVE NS-2 (INSTITUTIONAL CONTROLS)

LOCATION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

NA None NA There are no location-specific ARARs applicable to
Alternative NS-2 (Institutional Controls). 

There are no actions that would be performed that 
would invoke a location-specific ARAR.



TABLE 4-19C
ALTERNATIVE NS-2 (INSTITUTIONAL CONTROLS)

CHEMICAL-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF           Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements

National Recommended Water 
Quality Criteria Clean Water 
Act-Section 304(a)(1)

Applicable Provides surface water quality standards for a 
number of organic and inorganic contaminants.

Will be attained.  Surface water monitoring would be 
conducted to confirm that sediment contamination 
that is left in place does not impact surface water.

State Regulatory 
Requirements

Massachusetts Surface Water 
Quality Standards (314 CMR 
4.00)

Applicable Establishes federal water quality criteria as 
allowable water quality concentrations. Allows for 
site-specific criteria where federal criteria are 
invalid due to site-specific characteristics

Will be attained.  Surface water monitoring would be 
conducted to confirm that sediment contamination 
that is left in place does not impact surface water.

Criteria, 
Advisories, and 
Guidance

Cancer Slope Factors (CSFs) To Be 
Considered

Guidance values used to evaluate the potential 
carcinogenic risk caused by exposure to 
contaminants. 

CSFs were used to evaluate health risks associated 
with site-related contaminants.

Reference Doses (RfDs) To Be 
Considered

Guidance values used to evaluate the potential 
non-carcinogenic hazard caused by exposure to 
contaminants.  

RfDs were used to evaluate health risks associated 
with site-related contaminants.

EPA Health Advisories, Human 
Health Risk Assessment 
Guidance, and Ecological Risk 
Assessment Guidance

To Be 
Considered

These advisories and guidance documents 
provide guidance for developing health risk 
information and environmental assessments at 
Superfund sites.

Risk guidance documents were used to evaluate 
human health and ecological risks associated with 
site-related contaminants and to develop PRGs.

Massachusetts Contingency 
Plan (MCP – 310 CMR 40.000)

To Be 
Considered

The MCP has established a set of risk-based 
threshold concentrations (UCLs) that must be 
attained in order to achieve a condition of no 
significant risk for groundwater or soil within a 
particular groundwater classification area.

UCLs were used to compare the risk-based PRGs 
developed for this Site.  The PRGs are below the 
UCLs.



TABLE 4-19D
DETAILED ANALYSIS OF ALTERNATIVE NS-2

INSTITUTIONAL CONTROLS –NEAR-SHORE SEDIMENT
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

1. Overall Protection of Human Health and the Environment

Human Health Protection

The results of the baseline human health risk assessment indicate that there is unacceptable potential risk to human health 
resulting from future exposures to arsenic and benzo(a)pyrene in sediment located at the edges of the Wells G&H Wetland and 
Cranberry Bog Conservation Area.  This alternative would utilize institutional controls such as deed restrictions and access 
controls such as fencing and signage to restrict future on-site activities that would create human exposures to contaminated 
near-shore sediment.  The overall protection of human health that would be provided by this alternative would be limited by the 
extent to which these restrictions can be enforced.  The overall protection of human health that would be provided by this 
alternative would be further limited by the accessibility of sediment in the human health risk areas.

Environmental Protection

The results of the baseline ecological risk assessment did not identify unacceptable risks to ecological receptors from exposure 
to sediment at the edges of the Wells G&H Wetland and Cranberry Bog Conservation Area.  Therefore, despite the fact that no 
actions would be taken under this alternative to reduce ecological risks, no unacceptable ecological risks would result from the 
implementation of this alternative.

2. Compliance with ARARs

Chemical-Specific ARARs This alternative would not comply with chemical-specific ARARs identified on Table 4-19C.

Location-Specific ARARs There are no location-specific ARARs identified for this alternative.

Action-Specific ARARs This alternative would not comply with action-specific ARARs identified on Table 4-19A.

Other Criteria, Advisories, and Guidance This alternative would comply with the PRGs for near-shore sediment that were established based on human health risk 
assessment guidance, so long as institutional controls are adequately enforced.

3. Long-Term Effectiveness and Permanence

Magnitude of Residual Risk

The magnitude of residual risk that would result from the implementation of this alternative would be moderate since no on-site 
actions would be taken to treat, contain, or remove contaminated sediment at the edges of the Wells G&H Wetland and 
Cranberry Bog Conservation Area.  Instead, the activities conducted under this alternative would restrict future on-site activities 
and install barriers to prevent human access to contaminated sediment.  The effectiveness of these measures would be limited 
to the extent that they are effective at preventing human exposures to sediment.  
Since contamination would remain on-site above levels that allow for unlimited use and unrestricted exposure, five-year reviews 
would be required to periodically evaluate risks associated with on-site contamination in the Wells G&H Wetland and Cranberry 
Bog Conservation Area. 



TABLE 4-19D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE NS-2
INSTITUTIONAL CONTROLS –NEAR-SHORE SEDIMENT
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 3

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

3. Long-Term Effectiveness and Permanence (cont.)

Adequacy and Reliability of Controls

Since no technologies would be utilized under this alternative, no process efficiencies or performance standards would need to 
be met and no technical components would need to be replaced.  
Since no treatment, containment, or removal of contaminants would occur under this alternative, long-term monitoring to verify 
the protectiveness of the remedy would be required.  Long-term monitoring would likely consist of periodic inspections for 
evidence of human contact with contaminated sediment in the human health risk areas.
There is considerable uncertainty that institutional controls could adequately control potential human exposures to contaminated 
sediment in at the edges of the Wells G&H Wetland and Cranberry Bog Conservation Area since contamination is located in 
portions of these wetlands that are readily accessible to human receptors.

4. Reduction of Toxicity, Mobility, and Volume Through Treatment

Treatment Process Used and Materials 
Treated This alternative does not employ a treatment process.

Amount of Hazardous Materials Destroyed or 
Treated No hazardous materials would be destroyed or treated under this alternative.

Degree of Expected Reductions in Toxicity, 
Mobility, and Volume

There would be no reduction in the toxicity, mobility, and volume of contaminants under this alternative beyond that which would 
occur naturally due to subsurface geochemical activity.

Degree to Which Treatment is Irreversible No treatment would be employed under this alternative.

Type and Quantity of Residuals Remaining 
After Treatment No treatment would be employed under this alternative.

5. Short-Term Effectiveness

Protection of Community During Remedial 
Actions No impacts to the community would result from the implementation of this alternative.

Protection of Workers During Remedial 
Actions

No impacts to workers would result from the implementation of this alternative since no on-site actions that involve potential 
contact with contaminated sediment would be conducted.

Environmental Impacts No impacts to the environment would result from the implementation of this alternative.

Time Until Remedial Action Objectives are 
Achieved

Protection against potential future exposures to near-shore sediment that would be provided by the imposition of institutional 
controls would be achieved as soon as the appropriate legal agreements can be drafted and approved.  To the extent that these 
controls or restrictions can be effectively enforced, this would achieve the remedial action objectives for near-shore sediment.



TABLE 4-19D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE NS-2
INSTITUTIONAL CONTROLS –NEAR-SHORE SEDIMENT
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 3 OF 3

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

6. Implementability

Ability to Construct and Operate the 
Technology No construction difficulties or uncertainties would be encountered under this alternative.

Reliability of the Technology No treatment technologies would be employed under this alternative.

Ease of Undertaking Additional Remedial 
Actions, if Necessary

Future remedial actions might be necessary if institutional controls do not prove to be an effective deterrent to the types of 
activities that would cause unacceptable exposures to contaminated sediment in the accessible portions of the Wells G&H 
Wetland and Cranberry Bog Conservation Area.  Additional remedial actions could easily be taken if necessary.

Ability to Monitor Effectiveness of Remedy Monitoring could be used to evaluate the degree of natural degradation that is occurring in sediment.  No migration or exposure 
pathways exist that cannot by monitored adequately.

Ability to Obtain Approvals from Other 
Agencies Approvals from other agencies would not be required to implement this alternative.

Coordination with Other Agencies Coordination with other agencies would not be required to implement this alternative.

Availability of Off-Site Treatment, Storage, and 
Disposal Services and Capacity No off-site treatment, storage, and disposal would be required under this alternative.

Availability of Necessary Equipment and 
Specialists No equipment or technical specialists would be required for this alternative.

Availability of Prospective Technologies No technologies are required for this alternative.

7. Cost

Capital Costs $70,000

Operations and Maintenance Costs $16,000

Present Worth Costs $338,000



TABLE 4-20A
ALTERNATIVE NS-3 (MONITORING WITH INSTITUTIONAL CONTROLS)

ACTION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements

National Recommended 
Water Quality Criteria Clean 
Water Act-Section 304(a)(1)

Relevant and 
Appropriate

Provides surface water quality standards for a 
number of organic and inorganic contaminants.

Will be attained.  Surface water monitoring would be 
conducted to confirm that sediment contamination that is 
left in place does not impact surface water.

State Regulatory 
Requirements

Massachusetts Surface 
Water Quality Standards 
314 CMR 4.05(5)(e)

Relevant and 
Appropriate

Establishes federal water quality criteria as 
allowable water quality concentrations. Allows for 
site-specific criteria where federal criteria are 
invalid due to site-specific characteristics.

Will be attained.  Surface water monitoring would be 
conducted to confirm that sediment contamination that is 
left in place does not impact surface water.



TABLE 4-20B
ALTERNATIVE NS-3 (MONITORING WITH INSTITUTIONAL CONTROLS)

LOCATION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

NA None NA There are no location-specific ARARs applicable for 
Alternative NS-3. 

There are no actions that would be performed that 
would invoke a location-specific ARAR.



TABLE 4-20C
ALTERNATIVE NS-3 (MONITORING WITH INSTITUTIONAL CONTROLS)

CHEMICAL-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF           Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements

National Recommended 
Water Quality Criteria Clean 
Water Act-Section 304(a)(1)

Applicable Provides surface water quality standards for a 
number of organic and inorganic contaminants.

Will be attained.  Surface water monitoring would be 
conducted to confirm that sediment contamination 
that is left in place does not impact surface water.

State Regulatory 
Requirements

Massachusetts Surface Water 
Quality Standards (314 CMR 
4.00)

Applicable Establishes federal water quality criteria as 
allowable water quality concentrations. Allows for 
site-specific criteria where federal criteria are invalid 
due to site-specific characteristics

Will be attained.  Surface water monitoring would be 
conducted to confirm that sediment contamination 
that is left in place does not impact surface water.

Criteria, 
Advisories, and 
Guidance

Cancer Slope Factors (CSFs) To Be 
Considered

Guidance values used to evaluate the potential 
carcinogenic risk caused by exposure to 
contaminants. 

CSFs were used to evaluate health risks associated 
with site-related contaminants.

Reference Doses (RfDs) To Be 
Considered

Guidance values used to evaluate the potential non-
carcinogenic hazard caused by exposure to 
contaminants.  

RfDs were used to evaluate health risks associated 
with site-related contaminants.

EPA Health Advisories, 
Human Health Risk 
Assessment Guidance, and 
Ecological Risk Assessment 
Guidance

To Be 
Considered

These advisories and guidance documents provide 
guidance for developing health risk information and 
environmental assessments at Superfund sites.

Risk guidance documents were used to evaluate 
human health and ecological risks associated with 
site-related contaminants and to develop PRGs.

Massachusetts Contingency 
Plan (MCP – 310 CMR 
40.000)

To Be 
Considered

The MCP has established a set of risk-based 
threshold concentrations (UCLs) that must be 
attained in order to achieve a condition of no 
significant risk for groundwater or soil within a 
particular groundwater classification area.

UCLs were used to compare the risk-based PRGs 
developed for this Site.  The PRGs are below the 
UCLs.



TABLE 4-20D
DETAILED ANALYSIS OF ALTERNATIVE NS-3

MONITORING WITH INSTITUTIONAL CONTROLS – NEAR-SHORE SEDIMENTS
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

1. Overall Protection of Human Health and the Environment

Human Health Protection

The results of the baseline human health risk assessment indicate that there is unacceptable potential risk to human health 
resulting from future recreational exposures to arsenic and/or benzo(a)pyrene in surface sediment that is located at the edges of 
the Wells G&H Wetland and Cranberry Bog Conservation Area.  
This alternative would utilize institutional controls such as deed restrictions and local ordinances and access controls such as 
fencing and signage to restrict future on-site activities that would create exposures to contaminated subsurface soil or limit access 
to contaminated sediment areas.  The overall protection of human health that would be provided by this alternative would be 
limited by the extent to which these restrictions can be enforced.  The overall protection of human health that would be provided 
by this alternative would be further limited by the accessibility of sediment in the human health risk areas.

Environmental Protection
The results of the baseline ecological risk assessment did not identify unacceptable risks to ecological receptors from exposure to 
sediment within the former Wells G&H Wetland or Cranberry Bog Conservation Area.  Therefore, no unacceptable ecological 
risks would result from the implementation of this alternative.

2. Compliance with ARARs

Chemical-Specific ARARs This alternative would not comply with chemical-specific ARARs identified on Table 4-20C.

Location-Specific ARARs There are no location-specific ARARs identified fore this alternative.

Action-Specific ARARs This alternative would not comply with action-specific ARARs identified on Table 4-20A.

Other Criteria, Advisories, and Guidance This alternative would comply with the PRGs for near-shore sediment that were established based on human health risk 
assessment guidance, so long as institutional controls are adequately enforced.

3. Long-Term Effectiveness and Permanence

Magnitude of Residual Risk

The magnitude of residual risk that would result from the implementation of this alternative would be moderate since no on-site 
actions would be taken to treat, contain, or remove contaminated sediment at the edges of the Wells G&H Wetland and 
Cranberry Bog Conservation Area.  Instead, the activities conducted under this alternative would restrict future on-site activities 
and install barriers to prevent human access to contaminated sediment.  The effectiveness of these measures would be limited to 
the extent that they are effective at preventing human exposures to sediment.  
Since contamination would remain on-site above levels that allow for unlimited use and unrestricted exposure, five-year reviews 
would be required to periodically evaluate risks associated with sediment contamination in the Wells G&H Wetland and Cranberry 
Bog Conservation Area.



TABLE 4-20D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE NS-3
MONITORING WITH INSTITUTIONAL CONTROLS – NEAR-SHORE SEDIMENTS
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 3

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

3. Long-Term Effectiveness and Permanence (cont.)

Adequacy and Reliability of Controls

The only technologies that would be utilized under this alternative are sampling and analysis techniques that would be used to 
periodically evaluate risks associated with contamination in near-shore sediments.  These monitoring techniques would be able to 
meet the performance goals required to adequately monitor the remedy.
Since no treatment, containment, or removal of HBHA Pond sediments would occur under this alternative, long-term monitoring to 
verify the protectiveness of the remedy would be required.  Long-term monitoring would likely consist of periodic collection of 
sediment and surface water samples from the Wells G&H Wetland and Cranberry Bog Conservation Area to evaluate risks.
There is considerable uncertainty that institutional controls could adequately control potential human exposures to contaminated 
sediment in at the edges of the Wells G&H Wetland and Cranberry Bog Conservation Area since contamination is currently 
located in portions of these wetlands that are readily accessible to human receptors.

4. Reduction of Toxicity, Mobility, and Volume Through Treatment

Treatment Process Used and Materials 
Treated This alternative does not employ a treatment process.

Amount of Hazardous Materials Destroyed or 
Treated No hazardous materials would be destroyed or treated under this alternative.

Degree of Expected Reductions in Toxicity, 
Mobility, and Volume

There would be no reduction in the toxicity, mobility, and volume of contaminants under this alternative beyond that which would 
occur naturally due to subsurface geochemical activity.

Degree to Which Treatment is Irreversible No treatment would be employed under this alternative.

Type and Quantity of Residuals Remaining 
After Treatment No treatment would be employed under this alternative.

5. Short-Term Effectiveness

Protection of Community During Remedial 
Actions

No impacts to the community would result from the implementation of this alternative since no on-site actions (other than the 
collection of environmental samples and fencing installation) would be taken.

Protection of Workers During Remedial 
Actions

Potential impacts to workers during sediment/surface water monitoring could be mitigated through the use of adequate health and 
safety procedures, including personal protective equipment and decontamination facilities.

Environmental Impacts Impacts to the environment from the fencing installation and monitoring activities that would be conducted under this alternative 
would be minimal.

Time Until Remedial Action Objectives are 
Achieved

Protection against potential future exposures to near-shore sediment that would be provided by the imposition of institutional 
controls would be achieved as soon as the appropriate legal agreements can be drafted and approved.  To the extent that these 
controls or restrictions can be effectively enforced, this would achieve the remedial action objectives for near-shore sediment.
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EVALUATION CRITERIA DETAILED ANALYSIS

6. Implementability

Ability to Construct and Operate the 
Technology

No construction difficulties or uncertainties would be encountered under this alternative since only minor on-site construction 
activities (fence installation) would be undertaken.

Reliability of the Technology No treatment technologies would be employed under this alternative.

Ease of Undertaking Additional Remedial 
Actions, if Necessary

Future remedial actions might be necessary if institutional controls do not prove to be an effective deterrent to the types of 
activities that would cause unacceptable exposures to contaminated sediment in the accessible portions of the Wells G&H 
Wetland and Cranberry Bog Conservation Area.  Additional remedial actions could easily be taken if necessary.

Ability to Monitor Effectiveness of Remedy Monitoring would be used to periodically evaluate risks associated with near-shore sediments.  No migration or exposure 
pathways exist that cannot by monitored adequately.

Ability to Obtain Approvals from Other 
Agencies Approvals from other agencies would not be required to implement this alternative.

Coordination with Other Agencies Coordination with other agencies would not be required to implement this alternative.

Availability of Off-Site Treatment, Storage, and 
Disposal Services and Capacity No off-site treatment, storage, and disposal would be required under this alternative.

Availability of Necessary Equipment and 
Specialists No specialized equipment or technical specialists would be required for this alternative.

Availability of Prospective Technologies No technologies are required for this alternative.

7. Cost

Capital Costs $70,000

Operations and Maintenance Costs $135,000/year

Present Worth Costs $1,807,000
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ACTION-SPECIFIC ARARs
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INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements

Statement of 
Procedures on 
Wetlands Protection, 40 
CFR Part 6, App. A, 
Exec. Order 11990 
(1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever possible, the long 
and short term impacts associated with the destruction of 
wetlands, and wetlands development wherever there is a 
practicable alternative in accordance with Executive Order 
11990.  

Will be attained.  There is no practicable alternative 
method to work in wetlands with less adverse impact 
and all practicable measures would be taken to 
minimize and mitigate any adverse impacts.  Erosion 
and sedimentation control measures would be adopted 
during construction and restoration activities.

Executive Order for 
Floodplain Management
Exec. Order 11988 
(1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the risk of flood 
loss, minimize impact of floods, and restore and preserve 
the natural and beneficial values of floodplains.

Will be attained.  There is no practical alternative 
method to work in floodplains with less adverse impact 
and all practicable measures would be taken to 
minimize and mitigate any adverse impacts.  Erosion 
and sedimentation control measures would be adopted 
during construction and restoration activities.

Clean Water Act §404, 
and regulations,  33 
USC 1344,  40 CFR, 
230, 

Applicable For discharge of dredged or fill material into water bodies 
or wetlands, there must be no practical alternative with 
less adverse impact on aquatic ecosystem; discharge 
cannot cause or contribute to violation of state water 
quality standard or toxic effluent standard or jeopardize 
threatened or endangered (T&E) species; discharge 
cannot significantly degrade waters of U.S.; must take 
practicable steps to minimize and mitigate adverse 
impacts; must evaluate impacts on flood level, flood 
velocity, and flood storage capacity.

Will be attained in part because (a) there is no practical 
alternative method that will achieve cleanup objectives 
with less adverse impact; (b) all practical measures 
would be taken to minimize and mitigate any adverse 
impacts from the work; (c) there would be no likely 
impact on T&E species; (d) actions would be taken to 
minimize impact of hydrologic changes during the work; 
(e) after completion of the work, there would be no 
significant net loss of flood storage capacity, and no 
significant net increase in flood stage or velocities; and 
(f) river and riverbanks would be restored and habitat 
will be improved.

RCRA Identification and 
Listing of Hazardous 
Wastes, 40 CFR 261.3

Applicable or 
Relevant and 
Appropriate

Criteria for determining if a waste or contaminated media 
is a hazardous waste subject to regulation. If a 
contaminated media exhibits the characteristics of a 
hazardous waste, RCRA hazardous waste regulations are 
applicable.   If a contaminated media is sufficiently similar 
to listed RCRA hazardous wastes, these regulations are 
relevant and appropriate.

EPA will assess the contaminated sediments using this
criteria to determine whether they should be managed 
as hazardous waste.
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AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements 
(cont)

RCRA Closure and 
Post-Closure 
Requirements, 40 CFR, 
Subpart G

Relevant and 
Appropriate

If contaminated sediments constitute characteristic 
hazardous waste or are sufficiently similar to listed RCRA 
hazardous wastes, these regulations are relevant and 
appropriate.  Closure must be completed in a manner that 
minimizes the need for further maintenance, and controls, 
minimizes or eliminates, to the extent necessary to 
protect human health and the environment, post-closure 
escape of  hazardous waste, hazardous constituents, 
leachate, contaminated run-off, or hazardous waste 
decomposition products to the ground or surface waters 
or to the atmosphere.

Removal of sediments which represent a human health 
risk would attain compliance with this standard.

RCRA Hazardous 
Waste Regulations 
(Storage and Disposal 
of Hazardous Waste) 40 
CFR Part 262, Subpart 
A, 40 CFR Part 264, 
Subparts I and J.

Applicable Subpart A of Part 262 provides that a generator who 
treats, stores, or disposes of hazardous waste on-site 
must determine whether or not he has a hazardous waste, 
obtain an EPA identification number for any hazardous 
waste and comply with the regulations regarding 
accumulation of hazardous waste and recordkeeping.  
Subparts I and J of Part 264 identify design, operating, 
monitoring, closure, and post-closure care requirements 
for long-term storage of RCRA hazardous waste in 
containers and tank systems, respectively.  However, 
Section 262.34(a) allows accumulation of RCRA 
hazardous wastes for up to 90 days in containers or tanks 
provided generator complies with requirements of 
Subparts I and J of Part 265.

Will be attained.  Any contaminated media which is 
characterized as a hazardous waste, free product, 
drums, or contaminated equipment will be managed 
and stored in accordance with the substantive 
requirements of the cited regulations prior to being sent 
off-site for disposal.  Disposal regulations will also be 
complied with for any off-site disposal.

Fish and Wildlife 
Coordination Act  and 
regulations,
16 USC 662, 663
40 CFR 6.302(g)

Applicable Requires consultation with appropriate agencies to protect 
fish and wildlife when federal actions may alter waterways. 
 Must develop measures to prevent and mitigate potential 
loss to the maximum extent possible.

Alternative NS-4 would comply with this ARAR.  
Consultations with the USFWS would be made during 
the design phase.
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AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements 
(cont.)

National Pollutant 
Discharge Elimination 
System (NPDES),40 
CFR 122

Relevant and 
Appropriate

Regulates the discharge of water into public surface 
waters.  Major requirements include the following:
Use of best available technology economically 

achievable is required to control toxic and non-
conventional pollutants.  Use of best conventional 
pollutant control technology is required to control 
conventional pollutants.  Technology-based limitations 
may be determined on a case-by-case basis.

Applicable federally-approved state water quality 
standards must be complied with.  These standards may 
be in addition to or more stringent than other federal 
standards under the CWA.

Alternative NS-4 would comply with this ARAR. Design 
specifications for the removal methods and procedures 
and design of the dewatering treatment system would 
ensure that NS-4 would comply with applicable 
standards.

State 
Regulatory 
Requirements

Massachusetts 
Wetlands Protection Act 
and Regulations, MGL 
c. 131 § 40
310 CMR 10.00

Applicable Regulations restrict dredging, filling, altering, or polluting 
inland wetland resource areas and impose performance 
standards for work in such areas.  Protected resource 
areas include: 10.54 (Bank); 10.55 (Bordering Vegetated 
Wetlands); 10.56 (Land under Water); 10.57 (Bordering 
Land subject to Flooding); and 10.58 (Riverfront Area).

Will be attained because (a) there is no practicable 
alternative method that would be less damaging to 
resource areas; (b) all practical measures would be 
taken to minimize adverse impacts on wetlands; (c) 
stormwater discharges would be controlled through 
best management practices (BMPs); (d) actions would
be taken to minimize impact of hydrologic changes 
during the work to the extent practicable; (e) after 
completion of the work, there would be no significant 
net loss of flood storage capacity and no significant net 
increase in flood storage or velocities; and (f) disturbed 
vegetation, river, and riverbank would be restored.

Massachusetts Surface 
Water Quality Standards 
314 CMR 4.00

Applicable These standards designate the most sensitive uses for 
which the various waters of the Commonwealth shall be 
enhanced, maintained, or protected.  Minimum water 
quality criteria required to sustain the designated uses are 
established.  Federal AWQC are to be considered in 
determining effluent discharge limits.  Where 
recommended limits are not available, site-specific limits 
shall be developed.

Alternative NS-4 would comply with this ARAR through 
design and construction methods and procedures. 
Treatment standards and methods would be instituted 
for sediment dewatering effluent.
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AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

State 
Regulatory 
Requirements
(cont)

Water Quality 
Certification for 
Discharge of Dredged or 
Fill Material, Dredging 
and Dredged Material 
Disposal in Waters of 
the United States within 
the Commonwealth, 314 
CMR 9.06

Applicable For discharge of dredged or fill material, there must be no 
practicable alternative with less adverse impact on aquatic 
ecosystem; must take practicable steps to minimize 
adverse impacts on wetlands or land under water; 
stormwater discharges must be controlled with BMPs; 
must be no substantial adverse impact to physical, 
chemical, or biological integrity of surface waters.

Will be attained because (a) there is no practicable 
alternative method with less adverse impact on the 
aquatic ecosystem; (b) all practical measures would be 
taken to minimize adverse impacts on wetlands and 
land under water; (c) stormwater discharges would be 
controlled through BMPs; and (d) there would be no 
substantial long-term adverse impacts to integrity of river 
waters.

Water Quality 
Certification for 
Discharge of Dredged or 
Fill Material, Dredging 
and Dredged Material 
Disposal in Waters of 
the United States within 
the Commonwealth, 314 
CMR 9.07

Applicable Hydraulic or mechanical dredging allowed; must avoid 
fisheries impacts.

Will be attained.  There are no significant fisheries in 
area at present and aquatic habitat will be restored.

Mass. Hazardous Waste 
Regulations (Storage of 
Hazardous Waste), 310 
CMR 30.300, 30.680, 
30.690
310 CMR 30.340

Relevant and 
Appropriate

Requirements for long-term storage, transport and 
disposal of RCRA hazardous waste in containers and 
tank systems

See discussion of federal RCRA Hazardous Waste 
Regulations above.
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AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Statement of Procedures on 
Wetlands Protection 40 CFR 
Part 6, App. A, Exec. Order 
11990 (1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever possible, 
the long and short term impacts associated with 
the destruction of wetlands, and wetlands 
development wherever there is a practicable 
alternative in accordance with Executive Order 
11990. 

Will be attained.  There is no practicable alternative
method to work in wetlands with less adverse impact 
and all practicable measures would be taken to 
minimize and mitigate any adverse impacts.   
Erosion and sedimentation control measures would
be adopted during construction and restoration 
activities.

Executive Order for 
Floodplain Management
Exec. Order 11988 (1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the risk of 
flood loss, minimize impact of floods, and restore 
and preserve the natural and beneficial values of 
floodplains.

Will be attained.  There is no practical alternative 
method to work in floodplains with less adverse 
impact and all practicable measures would be taken 
to minimize and mitigate any adverse impacts.  
Erosion and sedimentation control measures would
be adopted during construction and restoration 
activities.

RCRA Floodplain Restrictions 
for Solid Waste Disposal 
Facilities and Practices
40 CFR 257.3-1

Relevant and 
Appropriate

Solid waste practices must not restrict the flow of a 
100-year flood, reduce the temporary water 
storage capacity of the floodplain or result in 
washout of solid waste, so as to pose a hazard to 
human life, wildlife, or land or water resources.

Will be attained. The design specifications and 
required construction procedures would ensure that 
the implementation of Alternative NS-4 will comply 
with this ARAR for all areas within the 100-year 
floodplain. 

Federal 
Regulatory 
Requirements

RCRA Floodplain Restrictions 
for Hazardous Waste 
Facilities 
(40 CFR 264.18(b))

Relevant and 
Appropriate

A hazardous waste treatment, storage, or disposal 
facility located in a 100-year floodplain must be 
designed, constructed, operated, and maintained 
to prevent washout or to result in no adverse 
effects on human health or the environment if 
washout were to occur.

Will be attained.  The design specifications and 
required construction procedures would ensure that 
any treatment, storage or disposal of hazardous 
waste undertaken pursuant to Alternative NS-4 will 
comply with this ARAR.

Fish and Wildlife Coordination 
Act  and regulations,
16 USC 662, 663
40 CFR 6.302(g)

Applicable Requires consultation with appropriate agencies to 
protect fish and wildlife when federal actions may 
alter waterways.  Must develop measures to 
prevent and mitigate potential loss to the maximum 
extent possible.

Alternative NS-4 will comply with this ARAR.  
Consultations with the USFWS will be made during 
the design phase.
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AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

State 
Regulatory 
Requirements

Massachusetts Wetlands 
Protection Act and 
Regulations, MGL c. 131 § 
40, 310 CMR 10.00

Applicable Regulations restrict dredging, filling, altering, or 
polluting inland wetland resource areas and 
impose performance standards for work in such 
areas.  Protected resource areas include: 10.54 
(Bank); 10.55 (Bordering Vegetated Wetlands); 
10.56 (Land under Water); 10.57 (Bordering Land 
subject to Flooding); and 10.58 (Riverfront Area).

Will be attained because (a) there is no practicable 
alternative that would be less damaging to resource 
areas; (b) all practical measures will be taken to 
minimize adverse impacts on wetlands; (c) 
stormwater discharges will be controlled through 
best management practices (BMPs); (d) actions will 
be taken to minimize impact of hydrologic changes 
during the work to the extent practicable; (e) after 
completion of the work, there will be no significant 
net loss of flood storage capacity and no significant 
net increase in flood storage or velocities; and (f) 
disturbed vegetation, river, and riverbank will be 
restored.

Water Quality Certification for 
Discharge of Dredged or Fill 
Material, Dredging and 
Dredged Material Disposal in 
Waters of the United States 
within the Commonwealth, 
314 CMR 9.06

Applicable For discharge of dredged or fill material, there must 
be no practicable alternative with less adverse 
impact on aquatic ecosystem; must take 
practicable steps to minimize adverse impacts on 
wetlands or land under water; stormwater 
discharges must be controlled with BMPs; must be 
no substantial adverse impact to physical, 
chemical, or biological integrity of surface waters.

Will be attained because (a) there is no practicable 
alternative method with less adverse impact on the 
aquatic ecosystem; (b) all practical measures would
be taken to minimize adverse impacts on wetlands 
and land under water; (c) stormwater discharges 
would be controlled through BMPs; and (d) there 
would be no substantial long-term adverse impacts 
to integrity of river waters

Water Quality Certification for 
Discharge of Dredged or Fill 
Material, Dredging and 
Dredged Material Disposal in 
Waters of the United States 
within the Commonwealth, 
314 CMR 9.07

Applicable Hydraulic or mechanical dredging allowed; must 
avoid fisheries impacts.

Will be attained.  There are no significant fisheries in 
area at present and aquatic habitat will be restored.
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AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements 

National Pollutant Discharge 
Elimination System 
(NPDES),40 CFR 122

Relevant 
and 

Appropriate

Regulates the discharge of water into public surface waters.  
Major requirements include the following:
 Use of best available technology economically 

achievable is required to control toxic and non-
conventional pollutants.  Use of best conventional 
pollutant control technology is required to control 
conventional pollutants.  Technology-based limitations 
may be determined on a case-by-case basis.

 Applicable federally-approved state water quality 
standards must be complied with.  These standards 
may be in addition to or more stringent than other 
federal standards under the CWA.

Alternative NS-4 would comply with this ARAR. 
Design specifications for the dredging methods 
and procedures and design of the dewatering 
treatment system would ensure that NS-4 will
comply with applicable standards.

Clean Water Act, Ambient 
Water Quality Criteria, 33 
U.S.C. § 1314, 40 CFR 
131.36(b)(1)

Applicable National recommended criteria for surface water quality.
Arsenic Criteria:
For protection of freshwater aquatic life due to chronic 
exposure:  190  ug/L 

Will be attained once contaminated sediments 
are removed.  Design of the temporary sediment 
dewatering treatment system would also ensure 
that treated effluent will comply with applicable 
standards.

State 
Regulatory 
Requirements

Massachusetts Surface Water 
Quality Standards 314 CMR 
4.05(5)(e)

Applicable Establishes federal water quality criteria as allowable water 
quality concentrations. Allows for site-specific criteria where 
federal criteria are invalid due to site-specific 
characteristics.

See above discussion of federal water quality 
criteria.  

Criteria, 
Advisories, 
and Guidance

EPA Health Advisories, 
Human Health Risk 
Assessment Guidance, and 
Ecological Risk Assessment 
Guidance

To Be 
Considered

These advisories and guidance documents provide 
guidance for developing health risk information and 
environmental assessments at Superfund sites.

Risk guidance documents were used to evaluate 
human health and ecological risks associated 
with site-related contaminants and to develop 
PRGs.
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EVALUATION CRITERIA DETAILED ANALYSIS

1. Overall Protection of Human Health and the Environment

Human Health Protection

The results of the baseline human health risk assessment indicate that there is unacceptable potential risk to human health resulting
from future recreational exposures to arsenic and/or benzo(a)pyrene in surface sediment that is located at the edges of the Wells 
G&H Wetland and Cranberry Bog Conservation Area.  This alternative would protect human health by removing all sediment that 
contains concentrations of arsenic and/or benzo(a)pyrene that exceed the human health-based remediation goals and replacing it 
with clean sediment that does not present a potential human health risk.

Environmental Protection
The results of the baseline ecological risk assessment did not identify unacceptable risks to ecological receptors from exposure to 
sediment within the former Wells G&H Wetland or Cranberry Bog Conservation Area.  Therefore, no unacceptable ecological risks 
would result from the implementation of this alternative.

2. Compliance with ARARs

Chemical-Specific ARARs This alternative would comply with the pertinent chemical-specific ARARs listed in Table 4-21C.

Location-Specific ARARs This alternative would comply with the pertinent location-specific ARARs listed in Table 4-21B.

Action-Specific ARARs This alternative would comply with the pertinent action-specific ARARs listed in Table 4-21A.

Other Criteria, Advisories, and Guidance This alternative would comply with the PRGs for near-shore sediment that were established based on human health risk 
assessment guidance.

3. Long-Term Effectiveness and Permanence

Magnitude of Residual Risk

No residual risk would be present from near-shore sediment within the Wells G&H Wetland and Cranberry Bog Conservation Area 
after implementation of this alternative, since all surface sediment with concentrations of arsenic and/or benzo(a)pyrene exceeding 
human health-based remediation goals would be removed from the site and replaced with clean sediment.  No remaining sources of 
risk would be present in near-shore sediment at the site.  Since contamination would not remain in near-shore sediment above 
levels that allow for unlimited use and unrestricted exposure, no five-year reviews would be required to evaluate risks in near-shore 
sediment in the Wells G&H Wetland and Cranberry Bog Conservation Area. 
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EVALUATION CRITERIA DETAILED ANALYSIS

3. Long-Term Effectiveness and Permanence (cont.)

Adequacy and Reliability of Controls

The removal of contaminated sediment from the edges of the Wells G&H Wetland and Cranberry Bog Conservation Area would 
include the collection of confirmatory samples from sediment removal areas to confirm that all remediation goals for near-shore 
sediment are met.  This type of contaminated sediment removal is very reliable and would be expected to achieve the remedial 
action’s performance specification with a high degree of certainty.
No long-term management, monitoring, or operations and maintenance would be required for sediment located at the edges of the 
Wells G&H Wetland and Cranberry Bog Conservation Area under this alternative since all contaminated sediment exceeding 
remediation goals would be removed.
This alternative would not rely on technical components to control future risks.
No uncertainties would be associated with the disposal of untreated wastes that would occur under this alternative.  Disposal would 
be at a licensed landfill that is permitted to receive wastes with the chemical constituents that are present.

4. Reduction of Toxicity, Mobility, and Volume Through Treatment

Treatment Process Used and Materials 
Treated

Dewatering effluent that is generated from the pre-treatment process that would be performed prior to transportation and off-site 
disposal of sediment would be treated to remove contaminants.
No treatment would be performed on sediments under this alternative.

Amount of Hazardous Materials Destroyed 
or Treated

Based on the anticipated volume of sediment that would be removed under this alternative and assumed water content of 
approximately 50%, approximately 3,000,000 gallons of water would be generated from dewatering activities.  All of this water would 
be treated prior to discharge back to the environment.
No treatment would be performed on sediment under this alternative.

Degree of Expected Reductions in Toxicity, 
Mobility, and Volume

Dewatering effluent would be treated to levels that allow discharge back to the environment.
No treatment of sediment would be performed under this alternative.

Degree to Which Treatment is Irreversible
Treatment of water that would be performed under this alternative would be irreversible.  Contaminants would be permanently 
removed from dewatering effluent.
No treatment of sediment would be performed under this alternative.

Type and Quantity of Residuals Remaining 
After Treatment

Treatment residuals from the treatment of dewatering effluent would consist of used sand filter medium that would be regenerated or 
disposed of at an off-site facility.
No treatment of sediment would be employed under this alternative.



TABLE 4-21D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE NS-4
REMOVAL AND OFF-SITE DISPOSAL – NEAR-SHORE SEDIMENTS
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 3 OF 4

RI051270DF Tetra Tech NUS, Inc.
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5. Short-Term Effectiveness

Protection of Community During Remedial 
Actions

Impacts to the community during implementation of this alternative would be minimal.  A traffic control plan would be developed to 
minimize impacts to local traffic flow patterns in the excavation areas and to address the increased truck traffic in the area that might 
result from excavation and transportation of contaminated sediment.  Trucks and other excavation equipment will be 
decontaminated before leaving work areas to prevent the spread of contaminants onto public or private roadways.
There would be no short-term risks associated with the implementation of this alternative that could not be readily controlled using 
some type of engineering control. 

Protection of Workers During Remedial 
Actions

Impacts to workers during remedial actions would be minimal.  Excavation and construction activities that would occur under this 
alternative would be completed in accordance with all required health and safety regulations and procedures.  Air monitoring and 
engineering controls will be utilized to assess and minimize exposure to contaminants by workers.  The appropriate personal 
protective equipment will be worn during implementation, and decontamination procedures would be utilized to prevent the spread of 
contaminants.
There would be no short-term risks to workers associated with the implementation of this alternative that could not be readily 
controlled using some type of engineering control.

Environmental Impacts
Some impacts to the environment would result from the implementation of this alternative, since it involves excavation within a 
wetland area.  All wetland areas that are impacted by excavation or by modifications necessary to gain access to the wetland will be 
restored at the completion of contaminated sediment removal activities.

Time Until Remedial Action Objectives are 
Achieved

The estimated duration of the construction activities that would be performed under this alternative would be 4 months.  After this 
period of time, all threats associated with near-shore sediment at the site would be addressed and all remedial action objectives 
pertaining to near-shore sediment will have been achieved.

6. Implementability

Ability to Construct and Operate the 
Technology

No construction difficulties or uncertainties would be encountered under this alternative.  This alternative utilizes conventional 
construction techniques and equipment to remove contaminated sediment.

Reliability of the Technology Excavation is a commonly utilized construction technique/process that is very reliable.  It is very unlikely that a technical problem 
would lead to schedule delays.

Ease of Undertaking Additional Remedial 
Actions, if Necessary

It is unlikely that future additional remedial actions would be necessary since excavation with confirmatory sediment sampling would 
ensure that all contaminated sediment is removed from the site.  If future remedial actions were deemed necessary, the 
performance of this alternative would not have any impact on the future implementation of additional actions.

Ability to Monitor Effectiveness of Remedy

The effectiveness of this alternative would be monitored during excavation through the use of excavation bottom and sidewall 
samples to confirm that no sediment remains at the site with concentrations of arsenic that might constitute a human health risk.  No 
sediment monitoring would be necessary after completion of the remedy and no potential migration or exposure pathways would 
need to be monitored.



TABLE 4-21D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE NS-4
REMOVAL AND OFF-SITE DISPOSAL – NEAR-SHORE SEDIMENTS
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 4 OF 4

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

6. Implementability (cont.)

Ability to Obtain Approvals from Other 
Agencies Approvals from other agencies would not be required to implement this alternative.

Coordination with Other Agencies Coordination with other agencies would not be required to implement this altenative.

Availability of Off-Site Treatment, Storage, 
and Disposal Services and Capacity

Off-site disposal facilities would be available to handle the anticipated volume of sediment that would be excavated and transported 
for off-site disposal under this alternative.
Dewatering effluent will be treated and discharged on-site.

Availability of Necessary Equipment and 
Specialists

This alternative uses conventional construction equipment to accomplish sediment removal.  Equipment, and skilled labor required 
to perform the alternative would be readily available from several sources.

Availability of Prospective Technologies Excavation and off-site disposal of contaminated sediment is a commonly used remedial option that is proven and reliable.

7. Cost

Capital Costs $2,997,000

Operations and Maintenance Costs $95,000/year 1-3 only

Present Worth Costs $3,247,000



TABLE 4-22A
ALTERNATIVE DS-1 (NO ACTION)

ACTION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF           Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements

National Recommended 
Water Quality Criteria Clean 
Water Act-Section 304(a)(1)

Relevant and 
Appropriate

Provides surface water quality standards for a 
number of organic and inorganic contaminants.

This ARAR may not be attained within the meaning of 
the statute since contaminated sediments that are left 
in place may provide a source of contaminants to 
surface water.

State Regulatory 
Requirements

Massachusetts Surface 
Water Quality Standards 
314 CMR 4.05(5)(e)

Relevant and 
Appropriate

Establishes federal water quality criteria as allowable 
water quality concentrations. Allows for site-specific 
criteria where federal criteria are invalid due to site-
specific characteristics.

This ARAR may not be attained within the meaning of 
the statute since contaminated sediments that are left 
in place may provide a source of contaminants to 
surface water.



TABLE 4-22B
ALTERNATIVE DS-1 (NO ACTION)

LOCATION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

NA None NA There are no location-specific ARARs for 
Alternative DS-1. 

No action would be taken under Alternative DS-1 
that would invoke a location-specific ARAR.



TABLE 4-22C
ALTERNATIVE DS-1 (NO ACTION)

CHEMICAL-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF           Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements

National Recommended 
Water Quality Criteria [Clean 
Water Act-Section 304(a)(1)]

Relevant and 
Appropriate

Provides surface water quality standards for a number 
of organic and inorganic contaminants.

This ARAR may not be attained since contaminated 
sediments that are left in place may provide a source 
of contaminants to surface water.

State Regulatory 
Requirements

Massachusetts Surface Water 
Quality Standards (314 CMR 
4.00)

Applicable Establishes federal water quality criteria as allowable 
water quality concentrations. Allows for site-specific 
criteria where federal criteria are invalid due to site-
specific characteristics

This ARAR may not be attained since contaminated 
sediments that are left in place may provide a source 
of contaminants to surface water.

Criteria, 
Advisories, and 
Guidance

Cancer Slope Factors (CSFs) To Be 
Considered

Guidance values used to evaluate the potential 
carcinogenic risk caused by exposure to 
contaminants. 

CSFs were used to evaluate health risks associated 
with site-related contaminants.

Reference Doses (RfDs) To Be 
Considered

Guidance values used to evaluate the potential non-
carcinogenic hazard caused by exposure to 
contaminants.  

RfDs were used to evaluate health risks associated 
with site-related contaminants.

EPA Health Advisories, 
Human Health Risk 
Assessment Guidance, and 
Ecological Risk Assessment 
Guidance

To Be 
Considered

These advisories and guidance documents provide 
guidance for developing health risk information and 
environmental assessments at Superfund sites.

Risk guidance documents were used to evaluate 
human health and ecological risks associated with 
site-related contaminants and to develop PRGs.

Massachusetts Contingency 
Plan (MCP – 310 CMR 
40.000)

To Be 
Considered

The MCP has established a set of risk-based 
threshold concentrations (UCLs) that must be attained 
in order to achieve a condition of no significant risk for 
groundwater or soil within a particular groundwater 
classification area.

UCLs were used to compare the risk-based PRGs 
developed for this Site.  The PRGs are below the 
UCLs.



TABLE 4-22D
DETAILED ANALYSIS OF ALTERNATIVE DS-1

NO ACTION – DEEP SEDIMENTS
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

1. Overall Protection of Human Health and the Environment

Human Health Protection

The results of the baseline human health risk assessment indicate that there is unacceptable potential risk to human health 
resulting from future exposures by dredging workers to arsenic in deep sediment located within the Halls Brook Holding Area and 
Wells G&H Wetland.  Because this alternative does not take action to mitigate these risks, this alternative does not provide any 
protection to human health.

Environmental Protection
The results of the baseline ecological risk assessment did not identify unacceptable risks to ecological receptors from exposure to 
deep sediment within the Halls Brook Holding Area or Wells G&H Wetland.  Therefore, despite the fact that no actions would be 
taken under this alternative, no unacceptable ecological risks would result from the implementation of this alternative.

2. Compliance with ARARs

Chemical-Specific ARARs This alternative would not comply with the chemical-specific ARARs identified on Table 4-22C.

Location-Specific ARARs Since there are no actions associated with this alternative, there are no location-specific ARARs identified.

Action-Specific ARARs This alternative would not comply with the action-specific ARARs identified on Table 4-22A.

Other Criteria, Advisories, and Guidance This alternative would not comply with the PRGs for deep sediment that were established based on human health risk 
assessment guidance.

3. Long-Term Effectiveness and Permanence

Magnitude of Residual Risk

The magnitude of residual risk that would result from the selection of this alternative would be high since no actions would be 
taken to mitigate potential future exposures to deep sediment located at in portions of the Halls Brook Holding Area and Wells 
G&H Wetland.  All of the potential risks associated with exposure to contaminants in deep sediments would remain.  Five-year 
reviews would be required to periodically evaluate risks associated with on-site contamination. 

Adequacy and Reliability of Controls Since no actions would be taken under this alternative, no provisions would be taken to control future exposures to deep 
sediment.  No technologies would be utilized, therefore no operations and maintenance would be required.

4. Reduction of Toxicity, Mobility, and Volume Through Treatment

Treatment Process Used and Materials 
Treated This alternative does not employ a treatment process.

Amount of Hazardous Materials Destroyed or 
Treated No hazardous materials would be destroyed or treated under this alternative.

Degree of Expected Reductions in Toxicity, 
Mobility, and Volume

There would be no reduction in the toxicity, mobility, and volume of contaminants under this alternative beyond that which would 
occur naturally due to subsurface geochemical activity.



TABLE 4-22D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE DS-1
NO ACTION – DEEP SEDIMENTS
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 3

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

4. Reduction of Toxicity, Mobility, and Volume Through Treatment (cont.)

Degree to Which Treatment is Irreversible No treatment would be employed under this alternative.

Type and Quantity of Residuals Remaining 
After Treatment No treatment would be employed under this alternative.

5. Short-Term Effectiveness

Protection of Community During Remedial 
Actions No impacts to the community would result from this alternative since no actions would be taken.

Protection of Workers During Remedial 
Actions No impacts to workers would result from this alternative since no actions would be taken.

Environmental Impacts No impacts to the environment would result from this alternative since no actions would be taken.

Time Until Remedial Action Objectives are 
Achieved

Since no actions would be taken to address contamination that is the cause of unacceptable risks, remedial actions objectives for 
deep sediment in the Halls Brook Holding Area and Wells G&H Wetland would not be achieved in the reasonably foreseeable 
future

6. Implementability

Ability to Construct and Operate the 
Technology No construction difficulties or uncertainties would be encountered under this alternative since no actions would be taken.

Reliability of the Technology No treatment technologies would be employed under this alternative.

Ease of Undertaking Additional Remedial 
Actions, if Necessary Additional remedial actions could be taken if necessary, but none would be taken under this alternative.

Ability to Monitor Effectiveness of Remedy Monitoring could be used to evaluate the degree of natural degradation that is occurring in deep sediment in the Halls Brook 
Holding Area and Wells G&H Wetland.

Ability to Obtain Approvals from Other 
Agencies Because this alternative does not require any activities, no approvals would be required.

Coordination with Other Agencies Because this alternative does not require any activities, no coordination with other agencies would be required.

Availability of Off-Site Treatment, Storage, and 
Disposal Services and Capacity No off-site treatment, storage, and disposal would be required under this alternative.



TABLE 4-22D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE DS-1
NO ACTION – DEEP SEDIMENTS
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 3 OF 3

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

6. Implementability (cont.)

Availability of Necessary Equipment and 
Specialists No equipment or technical specialists would be required for this alternative.

Availability of Prospective Technologies No technologies are required for this alternative.

7. Cost

Capital Costs $0

Operations and Maintenance Costs $0

Present Worth Costs $0



TABLE 4-23A
ALTERNATIVE DS-2 (INSTITUTIONAL CONTROLS)

ACTION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF           Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements

National Recommended 
Water Quality Criteria Clean 
Water Act-Section 304(a)(1)

Relevant and 
Appropriate

Provides surface water quality standards for a number 
of organic and inorganic contaminants.

Will be attained.  Surface water monitoring would 
be conducted to confirm that sediment 
contamination that is left in place does not impact 
surface water.

State Regulatory 
Requirements

Massachusetts Surface 
Water Quality Standards 
314 CMR 4.05(5)(e)

Relevant and 
Appropriate

Establishes federal water quality criteria as allowable 
water quality concentrations. Allows for site-specific 
criteria where federal criteria are invalid due to site-
specific characteristics.

Will be attained.  Surface water monitoring would 
be conducted to confirm that sediment 
contamination that is left in place does not impact 
surface water.



TABLE 4-23B
ALTERNATIVE DS-2 (INSTITUTIONAL CONTROLS)

LOCATION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

NA None NA There are no location-specific ARARs applicable 
for Alternative DS-2. 

There are no actions that would be performed that 
would invoke a location-specific ARAR.



TABLE 4-23C
ALTERNATIVE DS-2 (INSTITUTIONAL CONTROLS)

CHEMICAL-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF           Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements

National Recommended 
Water Quality Criteria Clean 
Water Act-Section 304(a)(1)

Applicable Provides surface water quality standards for a 
number of organic and inorganic contaminants.

Will be attained.  Surface water monitoring would be 
conducted to confirm that sediment contamination that 
is left in place does not impact surface water.

State 
Regulatory 
Requirements

Massachusetts Surface Water 
Quality Standards (314 CMR 
4.00)

Applicable Establishes federal water quality criteria as 
allowable water quality concentrations. Allows for 
site-specific criteria where federal criteria are 
invalid due to site-specific characteristics

Will be attained.  Surface water monitoring would be 
conducted to confirm that sediment contamination that 
is left in place does not impact surface water.

Criteria, 
Advisories, 
and Guidance

Cancer Slope Factors (CSFs) To Be 
Considered

Guidance values used to evaluate the potential 
carcinogenic risk caused by exposure to 
contaminants. 

CSFs were used to evaluate health risks associated 
with site-related contaminants.

Reference Doses (RfDs) To Be 
Considered

Guidance values used to evaluate the potential 
non-carcinogenic hazard caused by exposure to 
contaminants.  

RfDs were used to evaluate health risks associated 
with site-related contaminants.

EPA Health Advisories, 
Human Health Risk 
Assessment Guidance, and 
Ecological Risk Assessment 
Guidance

To Be 
Considered

These advisories and guidance documents provide 
guidance for developing health risk information and 
environmental assessments at Superfund sites.

Risk guidance documents were used to evaluate 
human health and ecological risks associated with 
site-related contaminants and to develop PRGs.



TABLE 4-23D
DETAILED ANALYSIS OF ALTERNATIVE DS-2

INSTITUTIONAL CONTROLS – DEEP SEDIMENT
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

1. Overall Protection of Human Health and the Environment

Human Health Protection

The results of the baseline human health risk assessment indicate that there is unacceptable potential risk to human health 
resulting from future exposures by dredging workers to arsenic in deep sediment located in certain portions of the Halls Brook 
Holding Area and the Wells G&H Wetland.  This alternative would utilize institutional controls such as deed restrictions and local 
ordinances to restrict or regulate future on-site activities (dredging) that would create exposures to contaminated deep sediment 
areas.  The types of restrictions that would be implemented might include requirements for health and safety precautions 
(personal protective equipment) in the event that dredging is performed in these areas.  The overall protection of human health 
that would be provided by this alternative would be limited by the extent to which these restrictions can be enforced.

Environmental Protection

The results of the baseline ecological risk assessment did not identify unacceptable risks to ecological receptors from exposure to 
deep sediment within the Halls Brook Holding Area and the Wells G&H Wetland.  Therefore, despite the fact that no actions would 
be taken under this alternative to reduce ecological risks, no unacceptable ecological risks would result from the implementation 
of this alternative.

2. Compliance with ARARs

Chemical-Specific ARARs This alternative would not comply with the chemical-specific ARARs identified on Table 4-23C.

Location-Specific ARARs Since there are no actions associated with this alternative, there are no location-specific ARARs identified.

Action-Specific ARARs This alternative would not comply with the action-specific ARARs identified on Table 4-23A.

Other Criteria, Advisories, and Guidance This alternative would comply with the PRGs for deep sediment that were established based on human health risk assessment 
guidance, so long as institutional controls are adequately enforced.

3. Long-Term Effectiveness and Permanence

Magnitude of Residual Risk

The magnitude of residual risk that would result from the implementation of this alternative would be low since the likelihood that 
institutional controls would be an effective deterrent to human exposures to deep sediment is high.  Human exposure to 
contaminated deep sediments would only occur under a dredging scenario.  At present, contaminants in deep sediments are not 
readily accessible to human receptors.  However, since contamination would remain on-site above levels that allow for unlimited 
use and unrestricted exposure, five-year reviews would be required to periodically evaluate risks associated with on-site 
contamination. 



TABLE 4-23D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE DS-2
INSTITUTIONAL CONTROLS – DEEP SEDIMENT
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 3

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

3. Long-Term Effectiveness and Permanence (cont.)

Adequacy and Reliability of Controls

Since no technologies would be utilized under this alternative, no process efficiencies or performance standards would need to be 
met and no technical components would need to be replaced.  
Since no treatment, containment, or removal of contaminants would occur under this alternative, long-term monitoring to verify the 
protectiveness of the remedy would be required.  Long-term monitoring would likely consist of periodic inspections for evidence of 
human contact with contaminated sediment in the human health risk areas, and potentially the collection of sediment samples to 
evaluate the progress of natural contaminant degradation.
There is limited uncertainty that institutional controls could adequately control potential human exposures to contaminated deep 
sediment in the Halls Brook Holding Area and the Wells G&H Wetland.  In order to access the deep sediments, dredging or coring 
equipment would need to be mobilized to the site.  Deep sediments in the human health risk areas are not readily accessible to 
human receptors.

4. Reduction of Toxicity, Mobility, and Volume Through Treatment

Treatment Process Used and Materials 
Treated This alternative does not employ a treatment process.

Amount of Hazardous Materials Destroyed or 
Treated No hazardous materials would be destroyed or treated under this alternative.

Degree of Expected Reductions in Toxicity, 
Mobility, and Volume

There would be no reduction in the toxicity, mobility, and volume of contaminants under this alternative beyond that which would 
occur naturally due to subsurface geochemical activity.

Degree to Which Treatment is Irreversible No treatment would be employed under this alternative.

Type and Quantity of Residuals Remaining 
After Treatment No treatment would be employed under this alternative.

5. Short-Term Effectiveness

Protection of Community During Remedial 
Actions No impacts to the community would result from the implementation of this alternative.

Protection of Workers During Remedial 
Actions

No impacts to workers would result from the implementation of this alternative since no on-site actions that involve potential 
contact with contaminated sediment would be conducted.

Environmental Impacts No impacts to the environment would result from the implementation of this alternative.

Time Until Remedial Action Objectives are 
Achieved

Protection against potential future exposures to deep sediment that would be provided by the imposition of institutional controls 
would be achieved as soon as the appropriate legal agreements can be drafted and approved.  To the extent that these controls 
or restrictions can be effectively enforced, this would achieve the remedial action objectives for deep sediment.



TABLE 4-23D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE DS-2
INSTITUTIONAL CONTROLS – DEEP SEDIMENT
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 3 OF 3

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

6. Implementability

Ability to Construct and Operate the 
Technology No construction difficulties or uncertainties would be encountered under this alternative.

Reliability of the Technology No treatment technologies would be employed under this alternative.

Ease of Undertaking Additional Remedial 
Actions, if Necessary

Future remedial actions might be necessary if institutional controls do not prove to be an effective deterrent to the types of 
activities that would cause unacceptable exposures to contaminated deep sediment in the Halls Brook Holding Area and the 
Wells G&H Wetland.  Additional remedial actions could easily be taken if necessary.

Ability to Monitor Effectiveness of Remedy Monitoring could be used to evaluate the degree of natural degradation that is occurring in sediment.  No migration or exposure 
pathways exist that cannot by monitored adequately.

Ability to Obtain Approvals from Other 
Agencies No approvals from other agencies would be required for this alternative.

Coordination with Other Agencies Coordination with other agencies would not be required to implement this alteranative.

Availability of Off-Site Treatment, Storage, and 
Disposal Services and Capacity No off-site treatment, storage, and disposal would be required under this alternative.

Availability of Necessary Equipment and 
Specialists No equipment or technical specialists would be required for this alternative.

Availability of Prospective Technologies No technologies are required for this alternative.

7. Cost

Capital Costs $44,000

Operations and Maintenance Costs $30,000

Present Worth Costs $459,000



TABLE 4-24A
ALTERNATIVE DS-3 (REMOVAL AND OFF-SITE DISPOSAL)

ACTION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

Federal 
Regulatory 
Requirements

Statement of Procedures 
on Wetlands Protection,
40 CFR Part 6, App. A, 
Exec. Order 11990 (1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever possible, the long and 
short term impacts associated with the destruction of wetlands, 
and wetlands development wherever there is a practicable 
alternative in accordance with Executive Order 11990.  

Will be attained.  There is no practicable alternative
method to work in wetlands with less adverse impact and 
all practicable measures would be taken to minimize and 
mitigate any adverse impacts.   Erosion and sedimentation 
control measures would be adopted during construction 
and restoration activities.

Executive Order for 
Floodplain Management
Exec. Order 11988 (1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the risk of flood loss, 
minimize impact of floods, and restore and preserve the natural 
and beneficial values of floodplains.

Will be attained.  There is no practical alternative method
to work in floodplains with less adverse impact and all 
practicable measures would be taken to minimize and 
mitigate any adverse impacts.  Erosion and sedimentation 
control measures would be adopted during construction 
and restoration activities.

Clean Water Act §404, 
and regulations,  33 USC 
1344,  40 CFR, 230, 

Applicable For discharge of dredged or fill material into water bodies or 
wetlands, there must be no practical alternative with less 
adverse impact on aquatic ecosystem; discharge cannot cause 
or contribute to violation of state water quality standard or toxic 
effluent standard or jeopardize threatened or endangered 
(T&E) species; discharge cannot significantly degrade waters 
of U.S.; must take practicable steps to minimize and mitigate 
adverse impacts; must evaluate impacts on flood level, flood 
velocity, and flood storage capacity.

Will be attained because (a) there is no practical
alternative method that would achieve the cleanup 
objective with less adverse impact; (b) all practical 
measures would be taken to minimize and mitigate any 
adverse impacts from the work; (c) there is no likely 
impact on T&E species; (d) actions would be taken to 
minimize impact of hydrologic changes during the work; 
(e) after completion of the work, there would be no 
significant net loss of flood storage capacity, and no 
significant net increase in flood stage or velocities.

RCRA Identification and 
Listing of Hazardous 
Wastes, 40 CFR 261.3

Applicable or 
Relevant and 
Appropriate

Criteria for determining if a waste or contaminated media is a 
hazardous waste subject to regulation. If a contaminated 
media exhibits the characteristics of a hazardous waste, RCRA 
hazardous waste regulations are applicable.   If a contaminated 
media is sufficiently similar to listed RCRA hazardous wastes, 
these regulations are relevant and appropriate.

EPA will assess the contaminated sediments using this 
criterion to determine whether they should be managed as 
hazardous waste.

RCRA Hazardous Waste 
Regulations (Storage and 
Disposal of Hazardous 
Waste) 40 CFR Part 262, 
Subpart A, 40 CFR Part 
264, Subparts I and J

Applicable Will be attained.  Any contaminated materials or 
contaminated equipment would be managed and stored 
in accordance with the substantive requirements of the 
cited regulations prior to being sent off-site for disposal.  
Disposal regulations would also be complied with for any 
off-site disposal.



TABLE 4-24A (cont.)
ALTERNATIVE DS-3 (REMOVAL AND OFF-SITE DISPOSAL)
ACTION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 3

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

Federal 
Regulatory 
Requirements
(cont.)

Fish and Wildlife 
Coordination Act  and 
regulations,
16 USC 662, 663
40 CFR 6.302(g)

Applicable Requires consultation with appropriate agencies to protect fish 
and wildlife when federal actions may alter waterways.  Must 
develop measures to prevent and mitigate potential loss to the 
maximum extent possible.

Alternative DS-3 would comply with this ARAR.  
Consultations with the USFWS will be made during the 
design phase.

National Pollutant 
Discharge Elimination 
System (NPDES),40 CFR 
122

Applicable Regulates the discharge of water into public surface waters.  
Major requirements include the following:
Use of best available technology economically achievable is 

required to control toxic and non-conventional pollutants.  
Use of best conventional pollutant control technology is 
required to control conventional pollutants.  Technology-
based limitations may be determined on a case-by-case 
basis.

Applicable federally-approved state water quality standards 
must be complied with.  These standards may be in addition 
to or more stringent than other federal standards under the 
CWA.

Alternative DS-3 will comply with this ARAR. Design 
specifications for the dredging methods and procedures 
and design of the dewatering treatment system would 
ensure that DS-3 would comply with applicable standards.

State 
Regulatory 
Requirements

Massachusetts Wetlands 
Protection Act and 
Regulations, MGL c. 131 
§ 40
310 CMR 10.00

Applicable Regulations restrict dredging, filling, altering, or polluting inland 
wetland resource areas and impose performance standards for 
work in such areas.  Protected resource areas include: 10.54 
(Bank); 10.55 (Bordering Vegetated Wetlands); 10.56 (Land 
under Water); 10.57 (Bordering Land subject to Flooding); 
and 10.58 (Riverfront Area).

Will be attained because (a) there is no practicable 
alternative that would be less damaging to resource areas; 
(b) all practical measures would be taken to minimize 
adverse impacts on wetlands; (c) stormwater discharges 
would be controlled through BMPs; 
(d) actions would be taken to minimize impact of 
hydrologic changes during the work to the extent 
practicable; (e) after completion of the work, there would
be no significant net loss of flood storage capacity and no 
significant net increase in flood storage or velocities; and 
(f) disturbed vegetation, river, and riverbank would be 
restored.  Appropriate mitigation to compensate the 
continuing deposition of contaminants into the northern 
portion of HBHA Pond would be required to replace lost 
and impaired functions and values.

Massachusetts Surface 
Water Quality Standards 
314 CMR 4.05(5)(e)

Applicable Establishes federal water quality criteria as allowable water 
quality concentrations. Allows for site-specific criteria where 
federal criteria are invalid due to site-specific characteristics.

See above discussion of federal water quality criteria.  



TABLE 4-24A (cont.)
ALTERNATIVE DS-3 (REMOVAL AND OFF-SITE DISPOSAL)
ACTION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 3 OF 3

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

State 
Regulatory 
Requirements
(cont.)

Water Quality Certification 
for Discharge of Dredged 
or Fill Material, Dredging 
and Dredged Material 
Disposal in Waters of the 
United States within the 
Commonwealth, 314 
CMR 9.06

Applicable For discharge of dredged or fill material, there must be no 
practicable alternative with less adverse impact on aquatic 
ecosystem; must take practicable steps to minimize adverse 
impacts on wetlands or land under water; stormwater 
discharges must be controlled with BMPs; must be no 
substantial adverse impact to physical, chemical, or biological 
integrity of surface waters.

Will be attained because (a) there is no practicable 
alternative method with less adverse impact on the aquatic 
ecosystem; (b) all practical measures would be taken to 
minimize adverse impacts on wetlands and land under 
water; (c) stormwater discharges would be controlled 
through BMPs; and (d) there would be no substantial 
long-term adverse impacts to integrity of river waters

Water Quality Certification 
for Discharge of Dredged 
or Fill Material, Dredging 
and Dredged Material 
Disposal in Waters of the 
United States within the 
Commonwealth, 314 
CMR 9.07

Applicable Hydraulic or mechanical dredging allowed; must avoid fisheries 
impacts.

Will be attained.  There are no significant fisheries in area 
at present and aquatic habitat will be restored.

Mass. Hazardous Waste 
Regulations (Storage and 
Disposal of Hazardous 
Waste), 310 CMR 
30.300, 30.680, 30.690
310 CMR 30.340

Applicable Section 30.300 identifies the requirements for disposal of 
hazardous waste; Sections 30.680 and 30.690 identify 
requirements for long-term storage of RCRA hazardous waste 
in containers and tank systems similar to federal RCRA 
storage requirements identified above.  Section 30.340 allows 
on-site accumulation of hazardous waste for up to 90 days and 
is also similar to federal RCRA storage requirements identified 
above.  

See discussion of federal RCRA Hazardous Waste 
Regulations above.



TABLE 4-24B
ALTERNATIVE DS-3 (REMOVAL AND OFF-SITE DISPOSAL)

LOCATION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

Statement of Procedures on 
Wetlands Protection 40 CFR 
Part 6, App. A, Exec. Order 
11990 (1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever possible, 
the long and short term impacts associated with the 
destruction of wetlands, and wetlands development 
wherever there is a practicable alternative in 
accordance with Executive Order 11990.

Will be attained.  There is no practicable alternative
method to work in wetlands with less adverse impact and 
all practicable measures would be taken to minimize and 
mitigate any adverse impacts.   Erosion and sedimentation 
control measures would be adopted during construction 
and restoration activities.

Executive Order for 
Floodplain Management
Exec. Order 11988 (1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the risk of 
flood loss, minimize impact of floods, and restore 
and preserve the natural and beneficial values of 
floodplains.

Will be attained.  There is no practical alternative method 
to work in floodplains with less adverse impact and all 
practicable measures would be taken to minimize and 
mitigate any adverse impacts.  Erosion and sedimentation 
control measures would be adopted during construction 
and restoration activities.

RCRA Floodplain Restrictions 
for Solid Waste Disposal 
Facilities and Practices
40 CFR 257.3-1

Relevant and 
Appropriate

Solid waste practices must not restrict the flow of a 
100-year flood, reduce the temporary water storage 
capacity of the floodplain or result in washout of 
solid waste, so as to pose a hazard to human life, 
wildlife, or land or water resources.

Will be attained.  The design specifications and required 
construction procedures would ensure that the 
implementation of Alternative DS-3 would not restrict the 
flow of a 100-year flood, reduce the temporary water 
storage capacity of the floodplain or result in washout of 
solid waste, so as to pose a hazard to human life, wildlife, 
or land or water resources.

Federal 
Regulatory 
Requirements

RCRA Floodplain Restrictions 
for Hazardous Waste 
Facilities 
40 CFR 264.18(b)

Relevant and 
Appropriate

A hazardous waste treatment, storage, or disposal 
facility located in a 100-year floodplain must be 
designed, constructed, operated, and maintained 
to prevent washout or to result in no adverse 
effects on human health or the environment if 
washout were to occur.

Will be attained.  The design specifications and required
construction procedures would ensure that any treatment, 
storage or disposal of hazardous waste undertaken 
pursuant to Alternative DS-3 would not restrict the flow of 
a 100-year flood, reduce the temporary water storage 
capacity of the floodplain or result in washout of solid 
waste, so as to pose a hazard to human life, wildlife, or 
land or water resources.

Fish and Wildlife Coordination 
Act  and regulations,
16 USC 662, 663
40 CFR 6.302(g)

Applicable Requires consultation with appropriate agencies to 
protect fish and wildlife when federal actions may 
alter waterways.  Must develop measures to 
prevent and mitigate potential loss to the maximum 
extent possible.

Alternative DS-3 would comply with this ARAR.  
Consultations with the USFWS will be made during the 
design phase.



TABLE 4-24B (cont.)
ALTERNATIVE DS-3 (REMOVAL AND OFF-SITE DISPOSAL)
LOCATION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 2

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

State Regulatory 
Requirements

Massachusetts Wetlands 
Protection Act and 
Regulations, MGL c. 131 § 
40, 310 CMR 10.00

Applicable Regulations restrict dredging, filling, altering, or 
polluting inland wetland resource areas and impose 
performance standards for work in such areas.  
Protected resource areas include: 10.54 (Bank); 
10.55 (Bordering Vegetated Wetlands); 10.56 
(Land under Water); 10.57 (Bordering Land 
subject to Flooding); and 10.58 (Riverfront Area).

Will be attained because (a) there is no practicable 
alternative method that would be less damaging to 
resource areas; (b) all practical measures would be taken 
to minimize adverse impacts on wetlands; (c) stormwater 
discharges would be controlled through best management 
practices (BMPs); (d) actions would be taken to minimize 
impact of hydrologic changes during the work to the extent 
practicable; 
(e) after completion of the work, there would be no 
significant net loss of flood storage capacity and no 
significant net increase in flood storage or velocities; and 
(f) disturbed vegetation, river, and riverbank would be 
restored.

Water Quality Certification for 
Discharge of Dredged or Fill 
Material, Dredging and 
Dredged Material Disposal in 
Waters of the United States 
within the Commonwealth, 
314 CMR 9.06

Applicable For discharge of dredged or fill material, there must 
be no practicable alternative with less adverse 
impact on aquatic ecosystem; must take 
practicable steps to minimize adverse impacts on 
wetlands or land under water; stormwater 
discharges must be controlled with BMPs; must be 
no substantial adverse impact to physical, 
chemical, or biological integrity of surface waters.

Will be attained because (a) there is no practicable 
alternative method with less adverse impact on the aquatic 
ecosystem; (b) all practical measures would be taken to 
minimize adverse impacts on wetlands and land under 
water; (c) stormwater discharges would be controlled 
through BMPs; and (d) there would be no substantial 
long-term adverse impacts to integrity of river waters

Water Quality Certification for 
Discharge of Dredged or Fill 
Material, Dredging and 
Dredged Material Disposal in 
Waters of the United States 
within the Commonwealth, 
314 CMR 9.07

Applicable Hydraulic or mechanical dredging allowed; must 
avoid fisheries impacts.

Will be attained.  There are no significant fisheries in area 
at present and aquatic habitat will be restored.



TABLE 4-24C
ALTERNATIVE DS-3 (REMOVAL AND OFF-SITE DISPOSAL)

CHEMICAL-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF           Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements 

National Pollutant Discharge 
Elimination System 
(NPDES),40 CFR 122

Applicable Regulates the discharge of water into public surface waters.  
Major requirements include the following:
 Use of best available technology economically achievable is 

required to control toxic and non-conventional pollutants.  
Use of best conventional pollutant control technology is 
required to control conventional pollutants.  Technology-
based limitations may be determined on a case-by-case 
basis.

 Applicable federally-approved state water quality standards 
must be complied with.  These standards may be in addition 
to or more stringent than other federal standards under the 
CWA.

DS-3 would comply with this ARAR. Design 
specifications for the dredging methods and 
procedures and design of the dewatering 
treatment system would ensure that DS-3 
would comply with applicable standards.

Clean Water Act, Ambient 
Water Quality Criteria, 33 
U.S.C. § 1314, 40 CFR 
131.36(b)(1)

Relevant 
and 

Appropriate

National recommended criteria for surface water quality. For 
protection of freshwater aquatic life due to chronic exposure:  
Arsenic Criteria: 190  ug/L 
Benzene: 46 ug/L 

AWQC for arsenic and other site-related 
constituents will be attained once the source 
of contaminated groundwater discharges is 
eliminated.  

State 
Regulatory 
Requirements

Massachusetts Surface Water 
Quality Standards 314 CMR 
4.05(5)(e)

Applicable Establishes federal water quality criteria as allowable water 
quality concentrations. Allows for site-specific criteria where 
federal criteria are invalid due to site-specific characteristics.

See above discussion of federal water quality 
criteria.  

Cancer Slope Factors (CSFs) To Be 
Considered

Guidance values used to evaluate the potential carcinogenic risk 
caused by exposure to contaminants. 

CSFs were used to evaluate health risks 
associated with site-related contaminants.

Criteria, 
Advisories, 
and Guidance Reference Doses (RfDs) To Be 

Considered
Guidance values used to evaluate the potential non-carcinogenic 
hazard caused by exposure to contaminants.  

RfDs were used to evaluate health risks 
associated with site-related contaminants.

EPA Health Advisories, Human 
Health Risk Assessment 
Guidance, and Ecological Risk 
Assessment Guidance

To Be 
Considered

These advisories and guidance documents provide guidance for 
developing health risk information and environmental 
assessments at Superfund sites.

Risk guidance documents were used to 
evaluate human health and ecological risks 
associated with site-related contaminants and 
to develop PRGs.

Massachusetts Contingency 
Plan (MCP – 310 CMR 40.000)

To Be 
Considered

The MCP has established a set of risk-based threshold 
concentrations (UCLs) that must be attained in order to achieve a 
condition of no significant risk for groundwater or soil within a 
particular groundwater classification area.

UCLs were used to compare the risk-based 
PRGs developed for this Site.  The PRGs are 
below the UCLs.



TABLE 4-24D
DETAILED ANALYSIS OF ALTERNATIVE DS-3

REMOVAL AND OFF-SITE DISPOSAL – DEEP SEDIMENTS
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

1. Overall Protection of Human Health and the Environment

Human Health Protection

The results of the baseline human health risk assessment indicate that there is unacceptable potential risk to human health 
resulting from future exposures by dredging workers to arsenic in deep sediment located in certain portions of the Halls Brook 
Holding Area and the Wells G&H Wetland.  This alternative would eliminate these human health risks by removing sediment from 
all of the sediment core locations that are located in the human health risk areas delineated on Figure 2-5d and replacing it with 
clean material.
The overall protection of human health that would be provided by this alternative would be high, since contaminated sediments 
that present potential future human health risks would be removed from the Site.

Environmental Protection
The results of the baseline ecological risk assessment did not identify unacceptable risks to ecological receptors from exposure to 
sediment within the sediment core sample locations. Therefore, no unacceptable ecological risks would result from the 
implementation of this alternative.

2. Compliance with ARARs

Chemical-Specific ARARs This alternative would comply with the pertinent chemical-specific ARARs listed in Table 4-24C.

Location-Specific ARARs This alternative would comply with the pertinent location-specific ARARs listed in Table 4-24B.

Action-Specific ARARs This alternative would comply with the pertinent action-specific ARARs listed in Table 4-24A.

Other Criteria, Advisories, and Guidance This alternative would comply with the PRGs for deep sediment that were established based on human health risk assessment 
guidance.

3. Long-Term Effectiveness and Permanence

Magnitude of Residual Risk

There would be no residual risk after implementation of this alternative since all of the sediment that was determined to present 
potential future human health would be removed from the Site and transported for disposal at an off-site landfill facility.
Since no contamination would remain on-site above PRGs, five-year reviews would not be required to periodically evaluate risks 
associated with sediment core locations.

Adequacy and Reliability of Controls
Since no sediment with concentrations of contaminants exceeding remediation goals would be left on Site after implementation of 
this alternative, no operations and maintenance would be required and there would be no controls upon which the protectiveness 
of the remedy would rely.

4. Reduction of Toxicity, Mobility, and Volume Through Treatment

Treatment Process Used and Materials 
Treated

Dewatering effluent that is generated from the pre-treatment process that would be performed prior to transportation and off-site 
disposal of sediment would be treated to remove contaminants.
No treatment would be performed on sediments under this alternative.



TABLE 4-24D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE DS-3
REMOVAL AND OFF-SITE DISPOSAL – DEEP SEDIMENTS 
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 3

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

4. Reduction of Toxicity, Mobility, and Volume Through Treatment (cont.)

Amount of Hazardous Materials Destroyed or 
Treated

Based on the anticipated volume of sediment that would be removed under this alternative and assumed water content of 
approximately 50%, approximately 150,000,000 gallons of water would be generated from dewatering activities.  All of this water 
would need to be treated prior to discharge back to the environment.
No treatment would be performed on sediment under this alternative.

Degree of Expected Reductions in Toxicity, 
Mobility, and Volume

Dewatering effluent would be treated to levels that allow discharge back to the environment.
No treatment of sediment would be performed under this alternative.

Degree to Which Treatment is Irreversible
Treatment of water that would be performed under this alternative would be irreversible.  Contaminants would be permanently 
removed from dewatering effluent.
No treatment of sediment would be performed under this alternative.

Type and Quantity of Residuals Remaining 
After Treatment

Treatment residuals from the treatment of dewatering effluent would consist of used sand filter medium that would be regenerated 
or disposed of at an off-site facility.
No treatment of sediment would be employed under this alternative.

5. Short-Term Effectiveness

Protection of Community During Remedial 
Actions

There would be no health impacts to the community associated with the implementation of this alternative.  The spread of 
contamination beyond the exclusion zone (excavation areas) would be prevented through the use of personnel and equipment 
decontamination and other engineering controls (erosion and sedimentation controls, etc.) designed to prevent unintended 
transport of contaminated sediment.
Community risks resulting from an increase in truck traffic that would result from the transportation and disposal of such a large 
volume of material would be mitigated through the development of traffic control plans, but disruptions to the community are 
inevitable.

Protection of Workers During Remedial 
Actions

Potential impacts to workers during sediment removal would be mitigated through the use of adequate health and safety 
procedures, including personal protective equipment and decontamination facilities.

Environmental Impacts
Impacts to the environment from monitoring activities that would be conducted under this alternative would be significant, since 
extensive excavation would be performed in a floodplain/wetland area and surface water flow would be diverted for a period of 
time during sediment removal.

Time Until Remedial Action Objectives are 
Achieved

The time frame for the completion of sediment removal would be approximately 5 years, after which time the remedial action 
objectives will have been achieved.



TABLE 4-24D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE DS-3
REMOVAL AND OFF-SITE DISPOSAL – DEEP SEDIMENTS 
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 3 OF 3

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

6. Implementability

Ability to Construct and Operate the 
Technology

There is considerable uncertainty as to the ability to divert surface water flow and dewater excavation areas that cover such a 
large area.  

Reliability of the Technology

Mechanical excavation would be used to remove sediment from the sediment core areas.  Excavation is a well-developed and 
conventional technology that is reliable for the removal of contaminated sediment.  However, in order to excavate to the depth 
required to achieve RAOs, an extensive dewatering system would need to be designed and operated to divert surface water flow 
around the excavation areas.  While this approach is technically feasible, the reliability of this approach would be questionable.  
Delays related to technical problems associated with the dewatering system are likely to be encountered.

Ease of Undertaking Additional Remedial 
Actions, if Necessary

It is not likely that additional remedial actions would be needed after implementation of this alternative since all sediment with 
contaminants exceeding remediation goals would be removed from the Site.  However, the implementation of this alternative 
would have no bearing on the performance of remedial actions that might be taken in the future, should they be required.

Ability to Monitor Effectiveness of Remedy
The effectiveness of the remedy would be monitored during implementation through the collection of cleanup confirmation 
samples in the excavated areas to confirm that all sediment with contaminants in excess of remediation goals are removed from 
the river channel in the targeted areas.

Ability to Obtain Approvals from Other 
Agencies Approvals from other agencies would not be required to implement this alternative.

Coordination with Other Agencies Coordination with other agencies would not be required to implement this alternative.

Availability of Off-Site Treatment, Storage, and 
Disposal Services and Capacity

Due to the large volume of sediment that would need to be removed to implement this alternative (approximately 160,000 cubic 
yards in-situ), the availability of off-site disposal facilities with the capacity to accept material from the Site would be limited.

Availability of Necessary Equipment and 
Specialists No specialized equipment or technical specialists would be required for this alternative.

Availability of Prospective Technologies This alternative would involve conventional technologies that are readily available.

7. Cost

Capital Costs $116,968,000

Operations and Maintenance Costs $100,000/year for years 1 through 5

Present Worth Costs $117,378,000



TABLE 4-25A
ALTERNATIVE SW-1 (NO ACTION)

ACTION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements

National Recommended 
Water Quality Criteria Clean 
Water Act-Section 304(a)(1)

Relevant and 
Appropriate

Provides surface water quality standards for a number 
of organic and inorganic contaminants.

This ARAR would not be attained unless other 
media-specific alternatives are selected in 
conjunction with this alternative to address 
groundwater and sediment contaminant sources.

State Regulatory 
Requirements

Massachusetts Surface 
Water Quality Standards 
314 CMR 4.05(5)(e)

Relevant and 
Appropriate

Establishes federal water quality criteria as allowable 
water quality concentrations. Allows for site-specific 
criteria where federal criteria are invalid due to site-
specific characteristics.

This ARAR would not be attained unless other 
media-specific alternatives are selected in 
conjunction with this alternative to address 
groundwater and sediment contaminant sources.



TABLE 4-25B
ALTERNATIVE SW-1 (NO ACTION)

LOCATION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

NA None NA There are no location-specific ARARs for 
Alternative SW-1. 

No action will be taken under Alternative SW-1 that 
will invoke a location-specific ARAR.



TABLE 4-25C
ALTERNATIVE SW-1 (NO ACTION)

CHEMICAL-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF           Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

Federal 
Regulatory 
Requirements 

National Recommended 
Water Quality Criteria Clean 
Water Act-Section 304(a)(1)

Relevant and 
Appropriate

Provides surface water quality standards for a 
number of organic and inorganic contaminants.

This ARAR would not be attained unless other media-
specific alternatives are selected in conjunction with this 
alternative to address groundwater and sediment 
contaminant sources.

State
Regulatory 
Requirements

Massachusetts Surface Water 
Quality Standards 314 CMR 
4.05(5)(e)

Relevant and 
Appropriate

Establishes federal water quality criteria as 
allowable water quality concentrations. Allows 
for site-specific criteria where federal criteria are 
invalid due to site-specific characteristics.

This ARAR would not be attained unless other media-
specific alternatives are selected in conjunction with this 
alternative to address groundwater and sediment 
contaminant sources.

Advisories, and 
Guidance

EPA Health Advisories, 
Human Health Risk 
Assessment Guidance, and 
Ecological Risk Assessment 
Guidance

To Be 
Considered

These advisories and guidance documents 
provide guidance for developing health risk 
information and environmental assessments at 
Superfund sites.

Risk guidance documents were used to evaluate human 
health and ecological risks associated with site-related 
contaminants and to develop PRGs.



TABLE 4-25D
DETAILED ANALYSIS OF ALTERNATIVE SW-1

NO ACTION – SURFACE WATER
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

1. Overall Protection of Human Health and the Environment

Human Health Protection
The results of the baseline human health risk assessment did not identify unacceptable human health risk from surface water in 
the HBHA Pond.  Therefore, despite the fact that this alternative takes no action to contain, remove, or treat contamination, no 
unacceptable human health risks would result from the implementation of this alternative.

Environmental Protection
The results of the baseline ecological risk assessment indicated unacceptable ecological risks to benthic communities in the 
HBHA Pond due to exposure to arsenic and benzene in deep surface water.  Since this alternative takes no action to contain, 
remove, or treat contaminated surface water in the pond, unacceptable risks to ecological receptors would remain.

2. Compliance with ARARs

Chemical-Specific ARARs This alternative would not comply with chemical-specific ARARs presented on Table 4-25C.

Location-Specific ARARs Since there are no actions associated with this alternative, there are no location-specific ARARs identified.

Action-Specific ARARs This alternative would not comply with action-specific ARARs presented on Table 4-25A.

Other Criteria, Advisories, and Guidance This alternative would not comply with the PRGs for surface water that were established based on ecological risk assessment 
guidance.

3. Long-Term Effectiveness and Permanence

Magnitude of Residual Risk

The magnitude of residual risk that would result from the selection of this alternative would be high since no actions would be 
taken to mitigate ecological exposures to HBHA Pond surface water.  The source of this risk would be the deep surface water at 
the sediment/surface water interface located at the bottom of the Pond in the area of groundwater discharge.  
Since contamination would remain above levels that allow for unrestricted exposure, five-year reviews would be required to 
periodically evaluate risks associated with on-site contamination. 

Adequacy and Reliability of Controls
Since no actions would be taken to contain, remove, or treat surface water in the HBHA Pond under this alternative, no provisions 
would be taken to control ecological exposures.  No technologies would be utilized, therefore no operations and maintenance 
would be required.

4. Reduction of Toxicity, Mobility, and Volume Through Treatment

Treatment Process Used and Materials 
Treated This alternative would not employ a treatment process.

Amount of Hazardous Materials Destroyed or 
Treated No hazardous materials would be destroyed or treated under this alternative.

Degree of Expected Reductions in Toxicity, 
Mobility, and Volume

There would be no reduction in the toxicity, mobility, and volume of contaminants under this alternative beyond that which would 
occur naturally due to biological and geochemical activity.



TABLE 4-25D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE SW-1
NO ACTION – SURFACE WATER
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 3

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

4. Reduction of Toxicity, Mobility, and Volume Through Treatment (cont.)

Degree to Which Treatment is Irreversible No treatment would be employed under this alternative.

Type and Quantity of Residuals Remaining 
After Treatment No treatment would be employed under this alternative.

5. Short-Term Effectiveness

Protection of Community During Remedial 
Actions No impacts to the community would result from this alternative since no actions would be taken.

Protection of Workers During Remedial 
Actions No impacts to workers would result from this alternative since no actions would be taken.

Environmental Impacts No impacts to the environment would result from this alternative since no actions would be taken.

Time Until Remedial Action Objectives are 
Achieved

Since no actions would be taken to address contamination that is the cause of unacceptable risks, remedial actions objectives for 
surface water would not be achieved in the reasonably foreseeable future

6. Implementability

Ability to Construct and Operate the 
Technology No construction difficulties or uncertainties would be encountered under this alternative since no actions would be taken.

Reliability of the Technology No treatment technologies would be employed under this alternative.

Ease of Undertaking Additional Remedial 
Actions, if Necessary Additional remedial actions could be taken if necessary, but none would be taken under this alternative.

Ability to Monitor Effectiveness of Remedy Monitoring could be used to evaluate the degree of natural degradation that is occurring in surface water at the bottom of the 
HBHA Pond.

Ability to Obtain Approvals from Other 
Agencies Because this alternative does not require any activities, no approvals would be required.

Coordination with Other Agencies Because this alternative does not require any activities, no coordination with other agencies would be required.

Availability of Off-Site Treatment, Storage, and 
Disposal Services and Capacity No off-site treatment, storage, and disposal would be required under this alternative.

Availability of Necessary Equipment and 
Specialists No equipment or technical specialists would be required for this alternative.



TABLE 4-25D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE SW-1
NO ACTION – SURFACE WATER
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 3 OF 3

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

6. Implementability (cont.)

Availability of Prospective Technologies No technologies are required for this alternative.

7. Cost

Capital Costs $0

Operations and Maintenance Costs $0

Present Worth Costs $0



TABLE 4-26A
ALTERNATIVE SW-2 (MONITORING) ACTION-SPECIFIC ARARs

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements

National Recommended 
Water Quality Criteria Clean 
Water Act-Section 304(a)(1)

Relevant and 
Appropriate

Provides surface water quality standards for a 
number of organic and inorganic contaminants.

This ARAR would not be attained unless other 
media-specific alternatives are selected in 
conjunction with this alternative to address 
groundwater and sediment contaminant sources.

State Regulatory 
Requirements

Massachusetts Surface 
Water Quality Standards 
314 CMR 4.05(5)(e)

Relevant and 
Appropriate

Establishes federal water quality criteria as 
allowable water quality concentrations. Allows for 
site-specific criteria where federal criteria are 
invalid due to site-specific characteristics.

This ARAR would not be attained unless other 
media-specific alternatives are selected in 
conjunction with this alternative to address 
groundwater and sediment contaminant sources.



TABLE 4-26B
ALTERNATIVE SW-2 (MONITORING) LOCATION-SPECIFIC ARARs

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

NA None NA There are no location-specific ARARs applicable 
for Alternative SW-2 (Monitoring). 

There are no actions that would be performed that 
would invoke a location-specific ARAR.



TABLE 4-26C
ALTERNATIVE SW-2 (MONITORING) CHEMICAL-SPECIFIC ARARs

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

RI051270DF           Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements 

National Recommended 
Water Quality Criteria Clean 
Water Act-Section 304(a)(1)

Relevant and 
Appropriate

Provides surface water quality standards for a 
number of organic and inorganic contaminants.

This ARAR would not be attained unless other media-
specific alternatives are selected in conjunction with 
this alternative to address groundwater and sediment 
contaminant sources.

State
Regulatory 
Requirements

Massachusetts Surface Water 
Quality Standards 314 CMR 
4.05(5)(e)

Relevant and 
Appropriate

Establishes federal water quality criteria as 
allowable water quality concentrations. Allows for 
site-specific criteria where federal criteria are 
invalid due to site-specific characteristics.

This ARAR would not be attained unless other media-
specific alternatives are selected in conjunction with 
this alternative to address groundwater and sediment 
contaminant sources.

Advisories, and 
Guidance

EPA Health Advisories, 
Human Health Risk 
Assessment Guidance, and 
Ecological Risk Assessment 
Guidance

To Be 
Considered

These advisories and guidance documents 
provide guidance for developing health risk 
information and environmental assessments at 
Superfund sites.

Risk guidance documents were used to evaluate 
human health and ecological risks associated with site-
related contaminants and to develop PRGs.



TABLE 4-26D
DETAILED ANALYSIS OF ALTERNATIVE SW-2

MONITORING – SURFACE WATER
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

1. Overall Protection of Human Health and the Environment

Human Health Protection
The results of the baseline human health risk assessment did not identify unacceptable human health risk from surface water in 
the HBHA Pond.  Therefore, despite the fact that this alternative takes no action to contain, remove, or treat contamination, no 
unacceptable human health risks would result from the implementation of this alternative.

Environmental Protection

The results of the baseline ecological risk assessment indicated unacceptable ecological risks to benthic communities in the 
HBHA Pond due to exposure to arsenic and benzene in deep surface water.  Since this alternative takes no action to contain, 
remove, or treat contaminated surface water in the pond, unacceptable risks to ecological receptors will remain.  Monitoring will 
be conducted to evaluate potential natural degradation of contaminants and potential reductions in contamination from the 
groundwater source.

2. Compliance with ARARs

Chemical-Specific ARARs This alternative would not comply with chemical-specific ARARs presented on Table 4-25C.

Location-Specific ARARs Since there are no actions associated with this alternative, there are no location-specific ARARs identified.

Action-Specific ARARs This alternative would not comply with action-specific ARARs presented on Table 4-25A.

Other Criteria, Advisories, and Guidance This alternative would not comply with the PRGs for surface water that were established based on ecological risk assessment 
guidance.

3. Long-Term Effectiveness and Permanence

Magnitude of Residual Risk

The magnitude of residual risk that would result from the selection of this alternative would be high since no actions would be 
taken to mitigate ecological exposures to HBHA Pond surface water.  The source of this risk would be the deep surface water at 
the sediment/surface water located at the bottom of the Pond in the area of groundwater discharge.  Five-year reviews would be 
required to periodically evaluate risks associated with on-site contamination. 

Adequacy and Reliability of Controls
Since no actions would be taken to contain, remove, or treat surface water in the HBHA Pond under this alternative, no 
provisions would be taken to control ecological exposures.  No technologies would be utilized, therefore no operations and 
maintenance would be required.

4. Reduction of Toxicity, Mobility, and Volume Through Treatment

Treatment Process Used and Materials 
Treated This alternative would not employ a treatment process.

Amount of Hazardous Materials Destroyed or 
Treated No hazardous materials would be destroyed or treated under this alternative.



TABLE 4-26D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE SW-2
MONITORING – SURFACE WATER
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 3

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

4. Reduction of Toxicity, Mobility, and Volume Through Treatment (cont.)

Degree of Expected Reductions in Toxicity, 
Mobility, and Volume

There would be no reduction in the toxicity, mobility, and volume of contaminants under this alternative beyond that which would 
occur naturally due to subsurface geochemical activity.

Degree to Which Treatment is Irreversible No treatment would be employed under this alternative.

Type and Quantity of Residuals Remaining 
After Treatment No treatment would be employed under this alternative.

5. Short-Term Effectiveness

Protection of Community During Remedial 
Actions

No impacts to the community would result from the implementation of this alternative since no on-site actions (other than the 
collection of environmental samples) would be taken.

Protection of Workers During Remedial 
Actions

Potential impacts to workers during surface water, sediment, and groundwater monitoring could be mitigated through the use of 
adequate health and safety procedures, including personal protective equipment and decontamination facilities.

Environmental Impacts Impacts to the environment from the monitoring activities that would be conducted under this alternative would be minimal.

Time Until Remedial Action Objectives are 
Achieved

If no groundwater treatment is conducted upgradient from the HBHA Pond, the time frame for the achievement of remedial 
objectives would be very long.  Treatment of groundwater that discharges to the Pond may reduce the time frame for recovery, 
but not to within an acceptable time frame.

6. Implementability

Ability to Construct and Operate the 
Technology No construction difficulties or uncertainties would be encountered under this alternative since no actions would be taken.

Reliability of the Technology No treatment technologies would be employed under this alternative.

Ease of Undertaking Additional Remedial 
Actions, if Necessary Additional remedial actions could be taken if necessary, but none would be taken under this alternative.

Ability to Monitor Effectiveness of Remedy Monitoring would be used to evaluate the degree of natural degradation that is occurring in surface water and groundwater.

Ability to Obtain Approvals from Other 
Agencies Because this alternative does not require any activities, no approvals would be required.

Coordination with Other Agencies Because this alternative does not require any activities, no coordination with other agencies would be required.



TABLE 4-26D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE SW-2
MONITORING – SURFACE WATER
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 3 OF 3

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

6. Implementability (cont.)

Availability of Off-Site Treatment, Storage, and 
Disposal Services and Capacity No off-site treatment, storage, and disposal would be required under this alternative.

Availability of Necessary Equipment and 
Specialists

The equipment and technical specialists that would be required to monitor and evaluate monitoring data for this alternative would 
be readily available.

Availability of Prospective Technologies No technologies are required for this alternative.

7. Cost

Capital Costs $0

Operations and Maintenance Costs $236,000/year

Present Worth Costs $3,226,000



TABLE 4-27A
ALTERNATIVE SW-3 (MONITORING AND PROVIDE ALTERNATE HABITAT)

ACTION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

Federal 
Regulatory 
Requirements

National Recommended 
Water Quality Criteria 
Clean Water Act-Section 
304(a)(1)

Relevant and 
Appropriate

Provides surface water quality standards for a number of 
organic and inorganic contaminants.

This ARAR would not be attained unless other media-
specific alternatives are selected in conjunction with this 
alternative to address groundwater and sediment 
contaminant sources.

Fish and Wildlife 
Coordination Act  and 
regulations,
16 USC 662, 663
40 CFR 6.302(g)

Applicable Requires consultation with appropriate agencies to 
protect fish and wildlife when federal actions may alter 
waterways.  Must develop measures to prevent and 
mitigate potential loss to the maximum extent possible.

Alternative SW-3 would comply with this ARAR.  
Consultations with the USFWS will be made during the 
design phase.

Executive Order for 
Floodplain Management
Exec. Order 11988 (1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the risk of flood 
loss, minimize impact of floods, and restore and preserve 
the natural and beneficial values of floodplains.

Will be attained.  There is no practical alternative to work 
in floodplains with less adverse impact and all practicable 
measures would be taken to minimize and mitigate any 
adverse impacts.  Erosion and sedimentation control 
measures would be adopted during construction and 
restoration activities.

Clean Water Act §404, 
and regulations,  33 USC 
1344,  40 CFR, 230, 

Applicable For discharge of dredged or fill material into water bodies 
or wetlands, there must be no practical alternative with 
less adverse impact on aquatic ecosystem; discharge 
cannot cause or contribute to violation of state water 
quality standard or toxic effluent standard or jeopardize 
threatened or endangered (T&E) species; discharge 
cannot significantly degrade waters of U.S.; must take 
practicable steps to minimize and mitigate adverse 
impacts; must evaluate impacts on flood level, flood 
velocity, and flood storage capacity.

Will be attained in part because (a) there is no practical 
alternative that would achieve remedial objectives with 
less adverse impact; (b) all practical measures would be 
taken to minimize and mitigate any adverse impacts from 
the work; (c) there is no likely impact on T&E species; (d) 
actions would be taken to minimize impact of hydrologic 
changes during the work; (e) after completion of the work, 
there would be no significant net loss of flood storage 
capacity, and no significant net increase in flood stage or 
velocities; and (f) river and riverbanks would be restored 
and habitat will be improved.

Statement of Procedures 
on Wetlands Protection,
40 CFR Part 6, App. A, 
Exec. Order 11990 (1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever possible, the 
long and short term impacts associated with the 
destruction of wetlands, and wetlands development 
wherever there is a practicable alternative in accordance 
with Executive Order 11990.  

Will be attained.  There is no practicable alternative to 
work in wetlands with less adverse impact and all 
practicable measures would be taken to minimize and 
mitigate any adverse impacts.   Erosion and 
sedimentation control measures would be adopted during 
construction and restoration activities.



TABLE 4-27A (cont.)
ALTERNATIVE SW-3 (MONITORING AND PROVIDE ALTERNATE HABITAT)
ACTION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 2

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

State Regulatory 
Requirements

Massachusetts Surface 
Water Quality Standards 
314 CMR 4.05(5)(e)

Relevant and 
Appropriate

Establishes federal water quality criteria as allowable 
water quality concentrations. Allows for site-specific 
criteria where federal criteria are invalid due to site-
specific characteristics.

This ARAR would not be attained unless other media-
specific alternatives are selected in conjunction with this 
alternative to address groundwater and sediment 
contaminant sources.

Massachusetts Wetlands 
Protection Act and 
Regulations, MGL c. 131 § 
40
310 CMR 10.00

Applicable Regulations restrict dredging, filling, altering, or polluting 
inland wetland resource areas and impose performance 
standards for work in such areas.  Protected resource 
areas include: 10.54 (Bank); 10.55 (Bordering 
Vegetated Wetlands); 10.56 (Land under Water); 10.57 
(Bordering Land subject to Flooding); and 10.58 
(Riverfront Area).

Will be attained because (a) there is no practicable 
alternative that would be less damaging to resource 
areas; (b) all practical measures would be taken to 
minimize adverse impacts on wetlands; (c) stormwater 
discharges would be controlled through best 
management practices (BMPs); (d) actions would be 
taken to minimize impact of hydrologic changes during 
the work to the extent practicable; (e) after completion of 
the work, there would be no significant net loss of flood 
storage capacity and no significant net increase in flood 
storage or velocities; and (f) disturbed vegetation, river, 
and riverbank would be restored.



TABLE 4-27B
ALTERNATIVE SW-3 (MONITORING AND PROVIDE ALTERNATE HABITAT)

LOCATION-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN REQUIREMENT

Statement of Procedures on 
Wetlands Protection 40 CFR 
Part 6, App. A, Exec. Order 
11990 (1977)
40 CFR 6.302(a)

Applicable Federal agencies shall avoid, whenever possible, 
the long and short term impacts associated with 
the destruction of wetlands, and wetlands 
development wherever there is a practicable 
alternative in accordance with Executive Order 
11990.

Will not be attained.  There is no practicable alternative to 
work in wetlands with less adverse impact and all 
practicable measures would be taken to minimize and 
mitigate any adverse impacts.   Erosion and 
sedimentation control measures would be adopted 
during construction and restoration activities.

Federal 
Regulatory 
Requirements

Executive Order for 
Floodplain Management
Exec. Order 11988 (1977)
40 CFR Part 6, App. A.
40 CFR 6.302(b)

Applicable Federal agencies are required to reduce the risk of 
flood loss, minimize impact of floods, and restore 
and preserve the natural and beneficial values of 
floodplains.

Will be attained.  There is no practical alternative to work 
in floodplains with less adverse impact and all practicable 
measures would be taken to minimize and mitigate any 
adverse impacts.  Erosion and sedimentation control 
measures would be adopted during construction and 
restoration activities.

Fish and Wildlife Coordination 
Act  and regulations,
16 USC 662, 663
40 CFR 6.302(g)

Applicable Requires consultation with appropriate agencies to 
protect fish and wildlife when federal actions may 
alter waterways.  Must develop measures to 
prevent and mitigate potential loss to the maximum 
extent possible.

Alternative SW-3 would comply with this ARAR.  
Consultations with the USFWS will be made during the 
design phase.

State Regulatory 
Requirements

Massachusetts Wetlands 
Protection Act and 
Regulations, MGL c. 131 § 
40, 310 CMR 10.00

Applicable Regulations restrict dredging, filling, altering, or 
polluting inland wetland resource areas and 
impose performance standards for work in such 
areas.  Protected resource areas include: 10.54 
(Bank); 10.55 (Bordering Vegetated Wetlands); 
10.56 (Land under Water); 10.57 (Bordering Land 
subject to Flooding); and 10.58 (Riverfront Area).

Will be attained because (a) there is no practicable 
alternative that would be less damaging to resource 
areas; (b) all practical measures would be taken to 
minimize adverse impacts on wetlands; (c) stormwater 
discharges would be controlled through best 
management practices (BMPs); (d) actions would be 
taken to minimize impact of hydrologic changes during 
the work to the extent practicable; (e) after completion of 
the work, there would be no significant net loss of flood 
storage capacity and no significant net increase in flood 
storage or velocities; and (f) disturbed vegetation, river, 
and riverbank would be restored.



TABLE 4-27C
ALTERNATIVE SW-3 (MONITORING AND PROVIDE AN ALTERNATE HABITAT)

CHEMICAL-SPECIFIC ARARs
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF           Tetra Tech NUS, Inc.

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTIONS TO BE TAKEN TO ATTAIN 
REQUIREMENT

Federal 
Regulatory 
Requirements 

National Recommended 
Water Quality Criteria Clean 
Water Act-Section 304(a)(1)

Relevant and 
Appropriate

Provides surface water quality standards for a 
number of organic and inorganic contaminants.

This ARAR would not be attained unless other 
media-specific alternatives are selected in 
conjunction with this alternative to address 
groundwater and sediment contaminant sources.

State
Regulatory 
Requirements

Massachusetts Surface Water 
Quality Standards 314 CMR 
4.05(5)(e)

Relevant and 
Appropriate

Establishes federal water quality criteria as 
allowable water quality concentrations. Allows for 
site-specific criteria where federal criteria are 
invalid due to site-specific characteristics.

This ARAR would not be attained unless other 
media-specific alternatives are selected in 
conjunction with this alternative to address 
groundwater and sediment contaminant sources.

Advisories, and 
Guidance

EPA Health Advisories, 
Human Health Risk 
Assessment Guidance, and 
Ecological Risk Assessment 
Guidance

To Be 
Considered

These advisories and guidance documents 
provide guidance for developing health risk 
information and environmental assessments at 
Superfund sites.

Risk guidance documents were used to evaluate 
human health and ecological risks associated with 
site-related contaminants and to develop PRGs.



TABLE 4-27D
DETAILED ANALYSIS OF ALTERNATIVE SW-3

MONITORING AND PROVIDING ALTERNATE HABITAT – DEEP SURFACE WATER IN THE HBHA POND
DRAFT FINAL MSGRP FEASIBILITY STUDY

INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

1. Overall Protection of Human Health and the Environment

Human Health Protection
The results of the baseline human health risk assessment did not identify unacceptable human health risk from deep surface 
water in the HBHA Pond.  Therefore, despite the fact that this alternative takes no action to contain, remove, or treat 
contamination, no unacceptable human health risks would result from the implementation of this alternative.

Environmental Protection

The results of the baseline ecological risk assessment indicated unacceptable ecological risks to benthic communities in the 
HBHA Pond due to exposure to arsenic and benzene in deep surface water.  Since this alternative takes no action to contain, 
remove, or treat contaminated surface water in the pond, unacceptable risks to ecological receptors will remain.  Monitoring will 
be conducted to evaluate potential natural degradation of contaminants and potential reductions in contamination from the 
groundwater source.  An alternate habitat would be constructed to compensate for loss of habitat to the benthic invertebrates 
and to maintain the benthic invertebrate inventory within the watershed.

2. Compliance with ARARs

Chemical-Specific ARARs This alternative would not comply with chemical-specific ARARs.

Location-Specific ARARs This alternative would comply with the pertinent location-specific ARARs that are presented on Table 4-27B.

Action-Specific ARARs This alternative would comply with all of the pertinent action-specific ARARs that are presented on Table 4-27A except for 
federal and state water quality criteria regulations.

Other Criteria, Advisories, and Guidance This alternative would not comply with the PRGs for surface water that were established based on ecological risk assessment 
guidance, but would comply with the RAO by providing an alternate habitat.

3. Long-Term Effectiveness and Permanence

Magnitude of Residual Risk

The magnitude of residual risk that would result from the selection of this alternative would be high since no actions would be 
taken to mitigate ecological exposures to HBHA Pond surface water.  The source of this risk would be the deep surface water at 
the sediment/surface water located at the bottom of the Pond in the area of groundwater discharge.  Five-year reviews would be 
required to periodically evaluate risks associated with on-site contamination. 

Adequacy and Reliability of Controls

Since no actions would be taken to contain, remove, or treat surface water in the HBHA Pond under this alternative, no 
provisions would be taken to control ecological exposures.  No technologies would be utilizied, therefore no operations and 
maintenance would be required.  
Long-term effectiveness of the compensatory wetlands would require periodic maintenance to ensure that the vegetation and 
biota are established.

4. Reduction of Toxicity, Mobility, and Volume Through Treatment

Treatment Process Used and Materials 
Treated This alternative would not employ a treatment process.



TABLE 4-27D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE SW-3
MONITORING AND PROVIDING ALTERNATE HABITAT – DEEP SURFACE WATER IN THE HBHA POND
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 2 OF 3

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

4. Reduction of Toxicity, Mobility, and Volume Through Treatment (cont.)

Amount of Hazardous Materials Destroyed or 
Treated No hazardous materials would be destroyed or treated under this alternative.

Degree of Expected Reductions in Toxicity, 
Mobility, and Volume

There would be no reduction in the toxicity, mobility, and volume of contaminants under this alternative beyond that which would 
occur naturally due to subsurface geochemical activity.

Degree to Which Treatment is Irreversible No treatment would be employed under this alternative.

Type and Quantity of Residuals Remaining 
After Treatment No treatment would be employed under this alternative.

5. Short-Term Effectiveness

Protection of Community During Remedial 
Actions

No impacts to the community would result from the implementation of this alternative since no on-site actions (other than the 
collection of environmental samples) would be taken.  
Impacts from the siting and construction of the compensatory wetland would be considered minor depending on the location and 
the steps required to acquire a suitable property.

Protection of Workers During Remedial 
Actions

Potential impacts to workers during surface water, sediment, and groundwater monitoring could be mitigated through the use of 
adequate health and safety procedures, including personal protective equipment and decontamination facilities.  
No impacts are anticipated due to construction of the compensatory wetland.

Environmental Impacts Impacts to the environment from the monitoring activities that would be conducted under this alternative would be minimal.  
Construction of the compensatory wetland would be a positive impact to the environment.

Time Until Remedial Action Objectives are 
Achieved

If no groundwater treatment is conducted upgradient from the HBHA Pond, the time frame for the achievement of remedial 
objectives in the Pond would be very long.  Treatment of groundwater that discharges to the Pond may reduce the time frame for 
recovery, but not to within an acceptable time frame.  
Since RAOs are not likely to be achieved in the Pond through a decrease in contaminant concentrations, the achievement of 
RAOs by this alternative would be occur once compensatory wetland has been constructed and shown to be established.  
Establishment of the compensatory wetland may take up to 5 years.

6. Implementability

Ability to Construct and Operate the 
Technology

No construction difficulties or uncertainties would be encountered under this alternative.  Few uncertainties are associated with 
the construction of the compensatory wetland. 

Reliability of the Technology No treatment technologies would be employed under this alternative.



TABLE 4-27D (cont.)
DETAILED ANALYSIS OF ALTERNATIVE SW-3
MONITORING AND PROVIDING ALTERNATE HABITAT – DEEP SURFACE WATER IN THE HBHA POND
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS
PAGE 3 OF 3

RI051270DF Tetra Tech NUS, Inc.

EVALUATION CRITERIA DETAILED ANALYSIS

6. Implementability (cont.)

Ease of Undertaking Additional Remedial 
Actions, if Necessary Additional remedial actions could be taken if necessary, but none would be taken under this alternative.

Ability to Monitor Effectiveness of Remedy Monitoring could be used to evaluate the degree of natural degradation that is occurring in groundwater.

Ability to Obtain Approvals from Other 
Agencies

MEDEP, US Army Corps of Engineers, and local conservation commission approvals may be required to site, design, and 
construct the compensatory wetland.

Coordination with Other Agencies Coordination with state, federal and local agencies would be required to construct the wetland. 

Availability of Off-Site Treatment, Storage, and 
Disposal Services and Capacity No off-site treatment, storage, and disposal would be required under this alternative.

Availability of Necessary Equipment and 
Specialists

No specialized equipment is required for this alternative.  Technical wetland specialists would be required to design the 
compensatory wetland.

Availability of Prospective Technologies No technologies are required for this alternative.

7. Cost

Capital Costs $7,807,000

Operations and Maintenance Costs $236,000

Present Worth Costs $10,797,000



TABLE 4-28A
COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES FOR SURFACE SOILS

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

Alternative SS-1:       
No Action

Alternative SS-2:  
Monitoring with 

Institutional Controls

Alternative SS-3:  
Permeable Cover and 

Monitoring with 
Institutional Controls

Alternative SS-4:  
Excavation and 

Off-Site Disposal

Alternative SS-5:  
Excavation, 

Treatment, and 
On-Site Reuse

OVERALL PROTECTION OF HUMAN HEALTH 
AND THE ENVIRONMENT □ - No Protection, ◘ - Partially Protective,■ - Protective

Protection of Human Health □ ◘ ■ ■ ■
Ecological Protection NA NA NA NA NA

COMPLIANCE WITH ARARs □ - Does Not Meet, ◘ - May Not Meet/Partially Meets,■ - Meets

Chemical-Specific ARARs NA NA NA NA NA

Location-Specific ARARs NA ■ ■ ■ ■
Action-Specific ARARs NA ■ ■ ■ ■
Other Criteria, Advisories, Guidance □ ■ ■ ■ ■

LONG-TERM EFFECTIVENESS AND 
PERMANENCE □ - No Protection, ◘ - Partially Protective,■ - Protective

Magnitude of Residual Risk - Human Health: □ ■ ■ ■ ■
Magnitude of Residual Risk - Ecological: ■ ■ ■ ■ ■
Adequacy and Reliability of Controls □ ◘ ◘ ■ ■

REDUCTION OF TOXICITY, MOBILITY, AND 
VOLUME THROUGH TREATMENT

Treatment/Recycling Processes Utilized □ □ □ □ ■
Amount of Hazardous Materials Destroyed or 
Treated □ □ □ □ ■
Degree of Expected Reductions in Toxicity, 
Mobility or Volume: □ □ □ □ ■
Irreversibility □ □ □ □ ■
Type and Quantity of [Process] Residuals □ □ □ □ ◘

SHORT-TERM EFFECTIVENESS □ - High Impacts, ◘ - Moderate Impacts, ■ - Low Impacts
Protection of Community and Workers During 
Remedial Actions ■ ■ ■ ■ ■
Environmental Impacts ■ ■ ◘ ◘ ◘
Time Until Remedial Action Objectives are 
Achieved □ ■ ■ ■ ■

IMPLEMENTABILITY

Ability to Construct and Operate the Technology ■ ■ □ □ □
Reliability of the Technology □ □ ◘ ■ ■
Ease of Undertaking Additional Remedial 
Actions, if Necessary ■ ■ □ ■ ■
Ability to Monitor Effectiveness of the Remedy □ ◘ ◘ ■ ■
Ability to Obtain Approvals from Other Agencies ■ ■ ■ ■ ■
Coordination with Other Agencies ■ ■ ■ ■ ■
Availability of Off-Site Treatment, Storage, and 
Disposal Services and Capacity ■ ■ ■ ■ ■
Availability of Necessary Equipment and 
Specialists ■ ■ ■ ■ □
Availability of Prospective Technologies ■ ■ ■ ■ □

COST

Capital $0 $185,000 $5,329,000 $47,172,000 $22,993,000
O&M $0 $30,000/yr $48,000/yr $0 $0
Present Worth $0 $600,000 $5,992,000 $47,172,000 $22,993,000

■

□ - High Effort or Low Reliability,◘ - Moderate Effort or Moderate Reliability, ■ - Low Effort or High Reliability

□ - Low or Reversible, ◘ - Moderate or Moderately Reversible, ■ - High or Irrreversible

RI051270DF Tetra Tech NUS, Inc.



TABLE 4-28B
COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES FOR SUBSURFACE SOILS

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS

Alternative SUB-1:              
No Action

Alternative SUB-2:  
Monitoring with 

Institutional Controls

Alternative SUB-3:  
Permeable Cover and 

Monitoring with Institutional 
Controls

OVERALL PROTECTION OF HUMAN HEALTH AND THE 
ENVIRONMENT □ - No Protection, ◘ - Partially Protective,■ - Protective

Protection of Human Health □ ■ ■
Ecological Protection NA NA NA

COMPLIANCE WITH ARARs □ - Does Not Meet, ◘ - May Not Meet/Partially Meets,■ - Meets

Chemical-Specific ARARs NA NA NA
Location-Specific ARARs NA ■ ■
Action-Specific ARARs NA ■ ■
Other Criteria, Advisories, Guidance □ ■ ■

LONG-TERM EFFECTIVENESS AND PERMANENCE □ - No Protection, ◘ - Partially Protective,■ - Protective

Magnitude of Residual Risk - Human Health: □ ■ ■
Magnitude of Residual Risk - Ecological: ■ ■ ■
Adequacy and Reliability of Controls □ ◘ ■

REDUCTION OF TOXICITY, MOBILITY, AND VOLUME THROUGH 
TREATMENT

Treatment/Recycling Processes Utilized □ □ □
Amount of Hazardous Materials Destroyed or Treated □ □ □
Degree of Expected Reductions in Toxicity, Mobility or Volume: □ □ □
Irreversibility □ □ □
Type and Quantity of [Process] Residuals □ □ □

SHORT-TERM EFFECTIVENESS □ - High Impacts, ◘ - Moderate Impacts, ■ - Low Impacts

Protection of Community and Workers During Remedial Actions ■ ■ ■
Environmental Impacts ■ ■ □
Time Until Remedial Action Objectives are Achieved □ ■ ◘

IMPLEMENTABILITY

Ability to Construct and Operate the Technology ■ ■ □
Reliability of the Technology □ ■ ■
Ease of Undertaking Additional Remedial Actions, if Necessary ■ ■ □
Ability to Monitor Effectiveness of the Remedy □ ■ ■
Ability to Obtain Approvals from Other Agencies ■ ■ ■
Coordination with Other Agencies ■ ■ ■
Availability of Off-Site Treatment, Storage, and Disposal Services 
and Capacity ■ ■ ■
Availability of Necessary Equipment and Specialists ■ ■ ■
Availability of Prospective Technologies ■ ■ ■

COST

Capital $0 $315,000 $6,495,000

O&M $0 $108,000 (Years 1-10) 
$30,000 (Years 11-30)

$159,000 (Years 1-10) 
$81,000 (Years 11-30)

Present Worth $0 $1,276,000 $8,070,000

□ - Low or Reversible, ◘ - Moderate or Moderately Reversible, ■ - High or 
Irrreversible

□ - High Effort or Low Reliability,◘ - Moderate Effort or Moderate Reliability, ■ - Low 
Effort or High Reliability

RI051270DF Tetra Tech NUS, Inc.



Alternative GW-1: No 
Action

Alternative GW-2: 
Pond Intercept with 

Monitoring and 
Institutional Controls

Alternative GW-3: Plume 
Intercept by Groundwater 
Extraction, Treatment and 
Discharge and Monitoring 
with Institutional Controls

Alternative GW-4: Plume 
Intercept by In-Situ 

Groundwater Treatment 
and Monitoring with 
Institutional Controls

OVERALL PROTECTION OF HUMAN HEALTH AND 
THE ENVIRONMENT □ - No Protection, ◘ - Partially Protective,■ - Protective

Protection of Human Health □ ◘ ■ ■
Ecological Protection □ □ ■ ■

COMPLIANCE WITH ARARs □ - Does Not Meet, ◘ - May Not Meet/Partially Meets,■ - Meets

Chemical-Specific ARARs NA ◘ ■ ■
Location-Specific ARARs NA ■ ■ ■
Action-Specific ARARs NA ■ ■ ■
Other Criteria, Advisories, Guidance □ ■ ■ ■

LONG-TERM EFFECTIVENESS AND 
PERMANENCE □ - No Protection, ◘ - Partially Protective,■ - Protective

Magnitude of Residual Risk - Human Health: □ ◘ ◘ ◘
Magnitude of Residual Risk - Ecological: □ ◘ ■ ■
Adequacy and Reliability of Controls □ ◘ ■ ◘

REDUCTION OF TOXICITY, MOBILITY, AND 
VOLUME THROUGH TREATMENT □ - Low or Reversible, ◘ - Moderate or Moderately Reversible, ■ - High or Irrreversible

Treatment/Recycling Processes Utilized □ ◘ ■ ■
Amount of Hazardous Materials Destroyed or 
Treated □ ◘ ■ ■
Degree of Expected Reductions in Toxicity, 
Mobility or Volume: □ ◘ ■ ■
Irreversibility □ ◘ ■ ◘
Type and Quantity of [Process] Residuals □ ◘ □ ◘

SHORT-TERM EFFECTIVENESS □ - High Impacts, ◘ - Moderate Impacts, ■ - Low Impacts
Protection of Community and Workers During 
Remedial Actions ■ ■ ■ ■
Environmental Impacts ■ ◘ ◘ ◘
Time Until Remedial Action Objectives are 
Achieved □ ◘ ■ ■

IMPLEMENTABILITY

Ability to Construct and Operate the Technology ■ ■ □ □
Reliability of the Technology □ ■ ■ □
Ease of Undertaking Additional Remedial Actions, 
if Necessary ■ ■ ◘ □
Ability to Monitor Effectiveness of the Remedy □ ■ ■ ■
Ability to Obtain Approvals from Other Agencies ■ ■ ■ ■
Coordination with Other Agencies ■ ■ ■ ■
Availability of Off-Site Treatment, Storage, and 
Disposal Services and Capacity ■ ■ ■ ■
Availability of Necessary Equipment and 
Specialists ■ ■ ■ □
Availability of Prospective Technologies ■ ■ ■ □

COST

Capital $0 $432,000 $4,739,000 $13,089,000

O&M
$0

$410,000 (yr 1-5)  
$205,500 (yr 6-30)

$1,297,500 (yr 1-2)  
$1,040,000 (yr 3-30)

$444,000 (yr 1-5)  
$222,000 (yr 6-30)

Present Worth $0 $3,918,000 $19,137,000 $17,792,000

WOBURN, MASSACHUSETTS

□ - High Effort or Low Reliability,◘ - Moderate Effort or Moderate Reliability, ■ - Low Effort or High 
Reliability

TABLE 4-28C
COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES FOR GROUNDWATER

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
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Alternative HBHA-1: 
No Action

Alternative HBHA-2: 
Monitoring

Alternative HBHA-3: 
Subaqueous Cap

Alternative HBHA-4: Storm 
Water Bypass and 

Sediment Retention with 
Partial Dredging and 

Providing Alternate Habitat

Alternative HBHA-5: 
Removal and Off-Site 

Disposal

OVERALL PROTECTION OF HUMAN HEALTH AND 
THE ENVIRONMENT □ - No Protection, ◘ - Partially Protective,■ - Protective

Protection of Human Health □ □ ◘ ■ ■
Ecological Protection □ □ ◘ ■ ■

COMPLIANCE WITH ARARs □ - Does Not Meet, ◘ - May Not Meet/Partially Meets,■ - Meets

Chemical-Specific ARARs □ □ ■ ◘ ■
Location-Specific ARARs NA NA ■ ■ ■
Action-Specific ARARs NA NA ■ ■ ■
Other Criteria, Advisories, Guidance □ □ ■ ◘ ■

LONG-TERM EFFECTIVENESS AND PERMANENCE □ - No Protection, ◘ - Partially Protective,■ - Protective

Magnitude of Residual Risk - Human Health: □ □ ■ ■ ■
Magnitude of Residual Risk - Ecological: □ □ ◘ ◘ ■
Adequacy and Reliability of Controls □ □ ◘ ◘ ■

REDUCTION OF TOXICITY, MOBILITY, AND 
VOLUME THROUGH TREATMENT

Treatment/Recycling Processes Utilized □ □ □ ◘ ◘
Amount of Hazardous Materials Destroyed or 
Treated □ □ □ ◘ ◘
Degree of Expected Reductions in Toxicity, 
Mobility or Volume: □ □ □ ◘ ◘
Irreversibility □ □ □ ■ ■
Type and Quantity of [Process] Residuals □ □ □ ◘ ◘

SHORT-TERM EFFECTIVENESS □ - High Impacts, ◘ - Moderate Impacts, ■ - Low Impacts
Protection of Community and Workers During 
Remedial Actions □ ■ ■ ■ ■
Environmental Impacts ■ ◘ □ □ □
Time Until Remedial Action Objectives are 
Achieved □ □ ■ ■ ■

IMPLEMENTABILITY

Ability to Construct and Operate the Technology ■ ■ □ ◘ ◘
Reliability of the Technology □ □ ◘ ◘ ■
Ease of Undertaking Additional Remedial Actions, if 
Necessary ■ ■ □ ◘ ■
Ability to Monitor Effectiveness of the Remedy □ ■ ◘ ■ ■
Ability to Obtain Approvals from Other Agencies ■ ■ ■ ■ ■
Coordination with Other Agencies ■ ■ ■ ■ ■
Availability of Off-Site Treatment, Storage, and 
Disposal Services and Capacity ■ ■ ■ ■ ■
Availability of Necessary Equipment and Specialists ■ ■ □ ◘ ◘
Availability of Prospective Technologies ■ ■ □ ■ ■

COST

Capital $0 $0 $3,160,000 $4,833,000 $3,560,000

O&M
$0

$144,000/yr 1-2                    
$70,000 yr 3-30 $144,000/yr

$144,000/yr                    
$1,136,500 (every 5 yrs) $95,000/yrs 1-3 only

Present Worth $0 $1,201,000 $5,291,000 $8,237,000 $3,810,000

□ - Low or Reversible, ◘ - Moderate or Moderately Reversible, ■ - High or Irrreversible

NOTE: The effectiveness of HBHA-2, HBHA-3, and HBHA-5 assume that contaminated groundwater discharges to the HBHA Pond will be 
eliminated.  This assumption is not necessary for HBHA-4.

□ - High Effort or Low Reliability,◘ - Moderate Effort or Moderate Reliability,■ - Low Effort or High Reliability

TABLE 4-28D
COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES FOR HBHA POND SEDIMENTS

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS
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Alternative NS-1:       
No Action

Alternative NS-2: 
Institutional 

Controls

Alternative NS-3: 
Monitoring with 

Institutional Controls

Alternative NS-4: 
Removal and Off-Site 

Disposal

OVERALL PROTECTION OF HUMAN HEALTH AND THE 
ENVIRONMENT □ - No Protection, ◘ - Partially Protective,■ - Protective

Protection of Human Health □ ◘ ◘ ■
Ecological Protection NA NA NA NA

COMPLIANCE WITH ARARs □ - Does Not Meet, ◘ - May Not Meet/Partially Meets,■ - Meets

Chemical-Specific ARARs □ □ □ ■
Location-Specific ARARs NA NA NA ■
Action-Specific ARARs □ □ □ ■
Other Criteria, Advisories, Guidance □ ◘ ◘ ■

LONG-TERM EFFECTIVENESS AND PERMANENCE □ - No Protection, ◘ - Partially Protective,■ - Protective

Magnitude of Residual Risk - Human Health: □ ◘ ◘ ■
Magnitude of Residual Risk - Ecological: □ ■ ■ ■
Adequacy and Reliability of Controls □ ◘ ◘ ■

REDUCTION OF TOXICITY, MOBILITY, AND VOLUME 
THROUGH TREATMENT

Treatment/Recycling Processes Utilized □ □ □ ◘
Amount of Hazardous Materials Destroyed or Treated □ □ □ ◘
Degree of Expected Reductions in Toxicity, Mobility or 
Volume: □ □ □ ◘
Irreversibility □ □ □ ■
Type and Quantity of [Process] Residuals □ □ □ ◘

SHORT-TERM EFFECTIVENESS □ - High Impacts, ◘ - Moderate Impacts, ■ - Low Impacts
Protection of Community and Workers During Remedial 
Actions ■ ■ ■ ■
Environmental Impacts ■ ■ ■ ◘
Time Until Remedial Action Objectives are Achieved □ ■ ■ ■

IMPLEMENTABILITY

Ability to Construct and Operate the Technology ■ ■ ■ ◘
Reliability of the Technology □ ◘ ◘ ■
Ease of Undertaking Additional Remedial Actions, if 
Necessary ◘ ■ ■ ■
Ability to Monitor Effectiveness of the Remedy □ ■ ■ ◘
Ability to Obtain Approvals from Other Agencies ■ ■ ■ ■
Coordination with Other Agencies ■ ■ ■ ■
Availability of Off-Site Treatment, Storage, and Disposal 
Services and Capacity ■ ■ ■ ■
Availability of Necessary Equipment and Specialists ■ ■ ■ ◘
Availability of Prospective Technologies ■ ■ ■ ■

COST

Capital $0 $70,000 $70,000 $2,997,000
O&M $0 $16,000 /yr $135,000 /yr $95,000 yrs 1-3 only
Present Worth $0 $338,000 $1,807,000 $3,247,000

□ Low rating in comparison to other alternatives for 

specified criterion

WOBURN, MASSACHUSETTS

TABLE 4-28E
COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES FOR NEAR-SHORE SEDIMENTS

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

■ High rating in comparison to other 

alternatives for specified criterion

◘ Mid-range rating in comparison to 

other alternatives for specified criterion

□ - High Effort or Low Reliability,◘ - Moderate Effort or Moderate Reliability,                             

■ - Low Effort or High Reliability

□ - Low or Reversible, ◘ - Moderate or Moderately Reversible, ■ - High or 
Irrreversible

RI051270DF Tetra Tech NUS, Inc.



Alternative DS-1: No 
Action

Alternative DS-2: 
Institutional Controls

Alternative DS-3: 
Removal and Off-Site 

Disposal

OVERALL PROTECTION OF HUMAN HEALTH AND THE 
ENVIRONMENT □ - No Protection, ◘ - Partially Protective,■ - Protective

Protection of Human Health □ ◘ ■
Ecological Protection NA NA NA

COMPLIANCE WITH ARARs □ - Does Not Meet, ◘ - May Not Meet/Partially Meets,■ - Meets

Chemical-Specific ARARs □ □ ■
Location-Specific ARARs NA NA ■
Action-Specific ARARs □ □ ■
Other Criteria, Advisories, Guidance □ ■ ■

LONG-TERM EFFECTIVENESS AND PERMANENCE □ - No Protection, ◘ - Partially Protective,■ - Protective

Magnitude of Residual Risk - Human Health: □ □ ■
Magnitude of Residual Risk - Ecological: ■ ■ ■
Adequacy and Reliability of Controls □ ◘ ■

REDUCTION OF TOXICITY, MOBILITY, AND VOLUME THROUGH 
TREATMENT

Treatment/Recycling Processes Utilized □ □ ◘
Amount of Hazardous Materials Destroyed or Treated □ □ ◘
Degree of Expected Reductions in Toxicity, Mobility or Volume: □ □ ◘
Irreversibility □ □ ■
Type and Quantity of [Process] Residuals □ □ ◘

SHORT-TERM EFFECTIVENESS □ - High Impacts, ◘ - Moderate Impacts, ■ - Low Impacts

Protection of Community and Workers During Remedial Actions ■ ■ ◘
Environmental Impacts ■ ■ □
Time Until Remedial Action Objectives are Achieved ■ ■ □

IMPLEMENTABILITY

Ability to Construct and Operate the Technology ■ ◘ □
Reliability of the Technology □ ◘ □
Ease of Undertaking Additional Remedial Actions, if Necessary ■ ■ ■
Ability to Monitor Effectiveness of the Remedy □ ■ ◘
Ability to Obtain Approvals from Other Agencies ■ ■ ◘
Coordination with Other Agencies ■ ■ ■
Availability of Off-Site Treatment, Storage, and Disposal Services and 
Capacity ■ ■ ◘
Availability of Necessary Equipment and Specialists ■ ■ ◘
Availability of Prospective Technologies ■ ■ ◘

COST

Capital $0 $44,000 $116,968,000
O&M $0 $30,000 /yr $100,000 yrs 1-3 only
Present Worth $0 $459,000 $117,378,000

□ - High Effort or Low Reliability,◘ - Moderate Effort or Moderate Reliability, 

■ - Low Effort or High Reliability

□ - Low or Reversible, ◘ - Moderate or Moderately Reversible, ■ - High 
or Irrreversible

TABLE 4-28F
COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES FOR DEEP SEDIMENTS CORES LOCATIONS

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS
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Alternative SW-1: No 
Action

Alternative SW-2: 
Monitoring

Alternative SW-3: 
Monitoring and Providing 

an Alternate Habitat

OVERALL PROTECTION OF HUMAN HEALTH AND THE 
ENVIRONMENT □ - No Protection, ◘ - Partially Protective,■ - Protective

Protection of Human Health NA NA NA
Ecological Protection □ □ ◘

COMPLIANCE WITH ARARs □ - Does Not Meet, ◘ - May Not Meet/Partially Meets,■ - Meets

Chemical-Specific ARARs □ □ □
Location-Specific ARARs ■ ■ ■
Action-Specific ARARs ■ ■ ◘
Other Criteria, Advisories, Guidance □ □ ◘

LONG-TERM EFFECTIVENESS AND PERMANENCE □ - No Protection, ◘ - Partially Protective,■ - Protective

Magnitude of Residual Risk - Human Health: ■ ■ ■
Magnitude of Residual Risk - Ecological: □ □ ◘
Adequacy and Reliability of Controls □ □ ◘

REDUCTION OF TOXICITY, MOBILITY, AND VOLUME THROUGH 
TREATMENT

Treatment/Recycling Processes Utilized □ □ □
Amount of Hazardous Materials Destroyed or Treated □ □ □
Degree of Expected Reductions in Toxicity, Mobility or Volume: □ □ □
Irreversibility □ □ □
Type and Quantity of [Process] Residuals □ □ □

SHORT-TERM EFFECTIVENESS □ - High Impacts, ◘ - Moderate Impacts, ■ - Low Impacts

Protection of Community and Workers During Remedial Actions ■ ■ ■
Environmental Impacts ■ ■ ◘
Time Until Remedial Action Objectives are Achieved □ □ ◘

IMPLEMENTABILITY

Ability to Construct and Operate the Technology ■ ■ ◘
Reliability of the Technology □ ■ ◘
Ease of Undertaking Additional Remedial Actions, if Necessary ■ ■ ◘
Ability to Monitor Effectiveness of the Remedy ■ ■ ◘
Ability to Obtain Approvals from Other Agencies ■ ■ ■
Coordination with Other Agencies ■ ■ ■
Availability of Off-Site Treatment, Storage, and Disposal Services and 
Capacity ■ ■ ■
Availability of Necessary Equipment and Specialists ■ ■ ◘
Availability of Prospective Technologies ■ ■ ■

COST

Capital $0 $0 $7,807,000
O&M $0 $236,000 /yr $236,000 /yr
Present Worth $0 $3,226,000 $10,797,000

□ - High Effort or Low Reliability,◘ - Moderate Effort or Moderate 

Reliability, ■ - Low Effort or High Reliability

□ - Low or Reversible, ◘ - Moderate or Moderately Reversible, ■ - 
High or Irrreversible

TABLE 4-28G
COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES FOR SURFACE WATER

DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE

WOBURN, MASSACHUSETTS
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TABLE 4-29
COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES
DRAFT FINAL MSGRP FEASIBILITY STUDY
INDUSTRI-PLEX SITE
WOBURN, MASSACHUSETTS

Capital Costs Annual O&M Costs Present Worth

SURFACE SOIL (SS)

Alternative SS-1:  No Action □ □ □ □ ■ ■ $0 $0 $0
Alternative SS-2:  Institutional Controls ◘ ■ ◘ □ ■ ■ $185,000 $30,000 $600,000
Alternative SS-3:  Permeable Cover with Institutional Controls ■ ■ ◘ □ ◘ ◘ $5,329,000 $48,000 $5,992,000
Alternative SS-4:  Excavation and Off-Site Disposal ■ ■ ■ □ ◘ ■ $47,172,000 $0 $47,172,000
Alternative SS-5:  Excavation, Treatment, and On-Site Reuse ■ ■ ■ ■ ◘ ◘ $22,993,000 $0 $22,993,000

SUBSURFACE SOIL (SUB)

Alternative SUB-1:  No Action □ □ □ □ ◘ ■ $0 $0 $0

Alternative SUB-2:  Institutional Controls ■ ■ ◘ □ ■ ■ $315,000
$108,000 (yr 1-10)  
$30,000 (yr 11-30) $1,276,000

Alternative SUB-3:  Permeable Cover with Institutional Controls ■ ■ ■ □ ◘ ◘ $6,495,000
$159,000 (yr 1-10)  
$81,000 (yr 11-30) $8,070,000

GROUNDWATER (GW)

Alternative GW-1: No Action □ □ □ □ ◘ ◘ $0 $0 $0

Alternative GW-2: Pond Intercept with Monitoring and Institutional Controls ◘ ■ ◘ ◘ ◘ ■ $432,000
$410,000 (yr 1-5)  

$205,500 (yr 6-30) $3,918,000
Alternative GW-3: Plume Intercept by Groundwater Extraction, Treatment and Discharge and
Monitoring with Institutional Controls ■ ■ ■ ■ ◘ ◘ $4,739,000

$1,297,500 (yr 1-2)  
$1,040,000 (yr 3-30) $19,137,000

Alternative GW-4: Plume Intercept by In-Situ Groundwater Treatment, and Monitoring with Institutional
Controls ■ ■ ◘ ◘ ◘ □ $13,089,000

$444,000 (yr 1-5)  
$222,000 (yr 6-30) $17,792,000

HBHA POND SEDIMENTS (HBHA)

Alternative HBHA-1: No Action □ □ □ □ ◘ ◘ $0 $0 $0

Alternative HBHA-2: Monitoring □ □ □ □ ◘ ■ $0
$144,000/yr 1-2               
$70,000/yr 3-30 $1,201,000

Alternative HBHA-3: Subaqueous Cap ■ ■ ◘ □ ◘ □ $3,160,000 $144,000 $5,291,000

Alternative HBHA-4: Storm Water Bypass and Sediment Retention with Partial Dredging and Providing
an Alternate Habitat

■ ◘ ◘ ◘ ◘ ◘
$5,419,000

$176,000/yr 1-3        
$100,000/yr 4-30        

$1,136,500 (every 5yrs) $9,187,000
Alternative HBHA-5: Removal and Off-Site Disposal ■ ■ ■ ◘ ◘ ◘ $3,560,000 $95,000/yr 1-3 only $3,810,000

NEAR SHORE SEDIMENTS (NS)

Alternative NS-1: No Action □ □ □ □ ◘ ◘ $0 $0 $0
Alternative NS-2: Institutional Controls ◘ ◘ ◘ □ ■ ■ $70,000 $16,300 $338,000
Alternative NS-3: Monitored Natural Recovery ◘ ◘ ◘ □ ■ ■ $70,000 $135,000 $1,807,000
Alternative NS-4: Removal and Off-Site Disposal ■ ■ ■ ◘ ◘ ◘ $2,997,000 $95,000/yr 1-3 only $3,247,000

DEEP SEDIMENTS (DS)

Alternative DS-1: No Action □ □ □ □ ■ ◘ $0 $0 $0
Alternative DS-2: Institutional Controls ◘ ◘ ◘ □ ■ ■ $44,000 $30,000 $459,000
Alternative DS-3: Removal and Off-Dite Disposal ■ ■ ■ ◘ □ ◘ $116,968,000 $100,000/yr 1-3 only $117,378,000

SURFACE WATER (SW)

Alternative SW-1: No Action □ ◘ □ □ ■ ◘ $0 $0 $0
Alternative SW-2: Monitoring □ ◘ ◘ □ ■ ■ $0 $236,000 $3,226,000
Alternative SW-3: Monitoring and Providing an Alternate Habitat ◘ ◘ ■ □ ■ ◘ $7,807,000 $236,000 $10,797,000

□ ◘ ■

MEDIUM

Overall Protection 
of Human Health 

and the 
Environment

Compliance 
with ARARs

Long-Term 
Effectiveness and 

Permanence

Low rating in comparison to other 
alternatives for specificed criterion

Mid-range rating in comparison to 
other alternatives for specificed 
criterion

High rating in comparison to other alternatives for 
specificed criterion

COSTS
Reduction of Toxicity, 

Mobility, or Volume 
Through Treatment

Short-Term 
Effectiveness

Implementability
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SCO5
Depth 

Interval
Arsenic 
(mg/kg)

1 210
2 260
3 900
4 770

SCO6
Depth 

Interval
Arsenic 
(mg/kg)

1 1300
2 1700
3 370
4 60

SCO8
Depth 

Interval
Arsenic 
(mg/kg)

1 1250
2 140
3 20
4 20

SCO2
Depth 

Interval
Arsenic 
(mg/kg)

1 1600
2 1260
3 99
4 27
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TABLE 1-1

RISK SUMMARY

REASONABLE MAXIMUM EXPOSURE

MSGRP FEASIBILITY STUDY

Scenario Timeframe: Future

Receptor Population:  Day Care Child

Receptor Age:  Young Child (ages 1-6)

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential EPC

Concern (mg/kg) Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure

(Radiation) Routes Total Target Organ Routes Total

Soil Surface Soil SO

Arsenic 9.2E+01 Skin 2E+00 - - 1E-01 2E+00

Chemical Total - - - - - - - - - - 2E+00 - - 1E-01 2E+00

Radionuclide Total

Exposure Point Total - - 2E+00

Exposure Medium Total - - 2E+00

Medium Total - - 2E+00

Receptor Total - - 2E+00

- -  = Not Evaluated Total Risk Across All Media - - Total Hazard Across All Media  2E+00

N/A = Not Applicable

Total Blood HI = N/A

Total Cardiovascular HI = N/A

Total Developmental HI = N/A

Total General Toxicity HI = N/A

Total GI System HI = N/A

Total Immune System HI = N/A

Total Kidney HI = N/A

Total Liver HI = N/A

Total Nervous System HI = N/A

Total Skin HI = 2E+00

Total Respiratory HI = N/A
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TABLE 1-2

RISK SUMMARY

REASONABLE MAXIMUM EXPOSURE

MSGRP FEASIBILITY STUDY

Scenario Timeframe: Future

Receptor Population:  Day Care Child

Receptor Age:  Young Child (ages 1-6)

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential EPC

Concern (mg/kg) Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure

(Radiation) Routes Total Target Organ Routes Total

Soil Subsurface Soil SO

Arsenic 1.9E+03 1E-03 - - 1E-04 - - 1E-03 Skin 3E+01 - - 3E+00 4E+01

Chemical Total 1E-03 - - 1E-04 - - 1E-03 3E+01 - - 3E+00 4E+01

Radionuclide Total

Exposure Point Total 1E-03 4E+01

Exposure Medium Total 1E-03 4E+01

Medium Total 1E-03 4E+01

Receptor Total 1E-03 4E+01

- -  = Not Evaluated Total Risk Across All Media 1E-03 Total Hazard Across All Media  4E+01

N/A = Not Applicable

Total Blood HI = N/A

Total Cardiovascular HI = N/A

Total Developmental HI = N/A

Total General Toxicity HI = N/A

Total GI System HI = N/A

Total Immune System HI = N/A

Total Kidney HI = N/A

Total Liver HI = N/A

Total Nervous System HI = N/A

Total Skin HI = 4E+01

Total Respiratory HI = N/A
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TABLE 1-3

RISK SUMMARY

REASONABLE MAXIMUM EXPOSURE

MSGRP FEASIBILITY STUDY

Scenario Timeframe: Future

Receptor Population:  Construction Worker

Receptor Age:  Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential EPC

Concern (mg/kg or Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure

ug/L) (Radiation) Routes Total Target Organ Routes Total

Soil Subsurface Soil SO

Arsenic 1.9E+03 Skin 6E+00 - - 6E-01 7E+00

Chemical Total - - - - - - - - - - 6E+00 - - 6E-01 7E+00

Radionuclide Total

Exposure Point Total - - 7E+00

Exposure Medium Total - - 7E+00

Medium Total - - 7E+00

Groundwater Shallow Study Area

Groundwater

Arsenic 3.4E+03 Skin 3E+00 - - 2E-01 3E+00

Chemical Total - - - - - - - - - - 3E+00 - - 2E-01 3E+00

Radionuclide Total

Exposure Point Total - - 3E+00

Exposure Medium Total - - 3E+00

Medium Total - - 3E+00

Receptor Total - - 1E+01

- -  = Not Evaluated Total Risk Across All Media - - Total Hazard Across All Media  1E+01

N/A = Not Applicable

Total Blood HI = N/A

Total Cardiovascular HI = N/A

Total Developmental HI = N/A

Total General Toxicity HI = N/A

Total GI System HI = N/A

Total Immune System HI = N/A

Total Kidney HI = N/A

Total Liver HI = N/A

Total Nervous System HI = N/A

Total Skin HI = 1E+01

Total Respiratory HI = N/A
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TABLE 1-4

RISK SUMMARY

REASONABLE MAXIMUM EXPOSURE

MSGRP FEASIBILITY STUDY

Scenario Timeframe: Future

Receptor Population: Recreational User

Receptor Age: Young Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential EPC Young Child + Adult Young Child

Concern (mg/kg) Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure

(Radiation) Routes Total Target Organ Routes Total

Sediment Sediment Station 13/TT-27

Benzo(a)pyrene 1.3E+00 2E-06 - - 1E-06 - - 3E-06

Arsenic 3.6E+03 5E-04 - - 2E-04 - - 7E-04 Skin 9E+00 - - 3E+00 1E+01

Chemical Total 5E-04 - - 2E-04 - - 7E-04 9E+00 - - 3E+00 1E+01

Radionuclide Total

Exposure Point Total 7E-04 1E+01

Exposure Medium Total 7E-04 1E+01

Medium Total 7E-04 1E+01

Receptor Total 7E-04 1E+01

Total Risk Across All Media 7E-04 Total Hazard Across All Media  1E+01

Total Skin HI = 1E+01

4/20/2005 Page 1 of 1 Human Health Tables3.xls [fRec User-13-TT-27]



TABLE 1-5

RISK SUMMARY

REASONABLE MAXIMUM EXPOSURE

MSGRP FEASIBILITY STUDY

Scenario Timeframe: Current

Receptor Population: Recreational User

Receptor Age: Young Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential EPC Young Child + Adult Young Child

Concern (mg/kg) Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure

(Radiation) Routes Total Target Organ Routes Total

Sediment Sediment Station WH

Arsenic 1.9E+03 Skin 2E+00 - - 5E-01 2E+00

Chemical Total - - - - - - - - - - 2E+00 - - 5E-01 2E+00

Radionuclide Total

Exposure Point Total - - 2E+00

Exposure Medium Total - - 2E+00

Medium Total - - 2E+00

Receptor Total - - 2E+00

Total Risk Across All Media - - Total Hazard Across All Media  2E+00

Total Skin HI = 2E+00
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TABLE 1-6

RISK SUMMARY

REASONABLE MAXIMUM EXPOSURE

MSGRP FEASIBILITY STUDY

Scenario Timeframe: Future

Receptor Population: Recreational User

Receptor Age: Young Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential EPC Young Child + Adult Young Child

Concern (mg/kg) Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure

(Radiation) Routes Total Target Organ Routes Total

Sediment Sediment Station WH

Benzo(a)pyrene 1.0E+00 1E-06 - - 1E-06 - - 2E-06

Arsenic 1.9E+03 3E-04 - - 9E-05 - - 4E-04 Skin 5E+00 - - 2E+00 6E+00

Chemical Total 3E-04 - - 1E-04 - - 4E-04 5E+00 - - 2E+00 6E+00

Radionuclide Total

Exposure Point Total 4E-04 6E+00

Exposure Medium Total 4E-04 6E+00

Medium Total 4E-04 6E+00

Receptor Total 4E-04 6E+00

Total Risk Across All Media 4E-04 Total Hazard Across All Media  6E+00

Total Skin HI = 6E+00
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TABLE 1-7

RISK SUMMARY

REASONABLE MAXIMUM EXPOSURE

MSGRP FEASIBILITY STUDY

Scenario Timeframe: Future

Receptor Population: Recreational User

Receptor Age: Young Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential EPC Young Child + Adult Young Child

Concern (mg/kg) Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure

(Radiation) Routes Total Target Organ Routes Total

Sediment Sediment Station NT-3

Arsenic 5.0E+02 Skin 1E+00 - - 4E-01 2E+00

Chemical Total - - - - - - - - - - 1E+00 - - 4E-01 2E+00

Radionuclide Total

Exposure Point Total - - 2E+00

Exposure Medium Total - - 2E+00

Medium Total - - 2E+00

Receptor Total - - 2E+00

Total Risk Across All Media - - Total Hazard Across All Media  2E+00

Total Skin HI = 2E+00
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TABLE 1-8

RISK SUMMARY

REASONABLE MAXIMUM EXPOSURE

MSGRP FEASIBILITY STUDY

Scenario Timeframe: Current

Receptor Population: Recreational User

Receptor Age: Young Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential EPC Young Child + Adult Young Child

Concern (mg/kg) Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure

(Radiation) Routes Total Target Organ Routes Total

Sediment Sediment Station CB-03

Arsenic 5.9E+02 Skin 2E+00 - - 6E-01 3E+00

Chemical Total - - - - - - - - - - 2E+00 - - 6E-01 3E+00

Radionuclide Total

Exposure Point Total - - 3E+00

Exposure Medium Total - - 3E+00

Medium Total - - 3E+00

Receptor Total - - 3E+00

Total Risk Across All Media - - Total Hazard Across All Media  3E+00

Total Skin HI = 3E+00
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TABLE 1-9

RISK SUMMARY

REASONABLE MAXIMUM EXPOSURE

MSGRP FEASIBILITY STUDY

Scenario Timeframe: Future

Receptor Population: Recreational User

Receptor Age: Young Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential EPC Young Child + Adult Young Child

Concern (mg/kg) Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure

(Radiation) Routes Total Target Organ Routes Total

Sediment Sediment Station CB-03

Arsenic 5.9E+02 Skin 2E+00 - - 6E-01 3E+00

Chemical Total - - - - - - - - - - 2E+00 - - 6E-01 3E+00

Radionuclide Total

Exposure Point Total - - 3E+00

Exposure Medium Total - - 3E+00

Medium Total - - 3E+00

Receptor Total - - 3E+00

Total Risk Across All Media - - Total Hazard Across All Media  3E+00

Total Skin HI = 3E+00
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TABLE 1-10

RISK SUMMARY

REASONABLE MAXIMUM EXPOSURE

MSGRP FEASIBILITY STUDY

Scenario Timeframe: Future

Receptor Population: Dredger

Receptor Age: Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential EPC

Concern (mg/kg) Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure

(Radiation) Routes Total Target Organ Routes Total

Sediment Sediment Cores SC02

Arsenic 1.6E+03 Skin 4E+00 - - 7E-01 4E+00

Chemical Total - - - - - - - - - - 4E+00 - - 7E-01 4E+00

Radionuclide Total

Exposure Point Total - - 4E+00

Exposure Medium Total - - 4E+00

Medium Total - - 4E+00

Receptor Total - - 4E+00

- -  = Not Evaluated Total Risk Across All Media - - Total Hazard Across All Media  4E+00

N/A = Not Applicable

Total Blood HI = N/A

Total Cardiovascular HI = N/A

Total Developmental HI = N/A

Total General Toxicity HI = N/A

Total GI System HI = N/A

Total Immune System HI = N/A

Total Kidney HI = N/A

Total Liver HI = N/A

Total Nervous System HI = N/A

Total Skin HI = 4E+00

Total Respiratory HI = N/A
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TABLE 1-11

RISK SUMMARY

REASONABLE MAXIMUM EXPOSURE

MSGRP FEASIBILITY STUDY

Scenario Timeframe: Future

Receptor Population: Dredger

Receptor Age: Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential EPC Young Child + Adult Young Child

Concern (mg/kg) Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure

(Radiation) Routes Total Target Organ Routes Total

Sediment Sediment Cores SC05

Arsenic 9.0E+02 Skin 2E+00 - - 4E-01 2E+00

Chemical Total - - - - - - - - - - 2E+00 - - 4E-01 2E+00

Radionuclide Total

Exposure Point Total - - 2E+00

Exposure Medium Total - - 2E+00

Medium Total - - 2E+00

Receptor Total - - 2E+00

Total Risk Across All Media - - Total Hazard Across All Media  2E+00

Total Skin HI = 2E+00

4/20/2005 Page 1 of 1 Human Health Tables3.xls [fDredger-SC05]



TABLE 1-12

RISK SUMMARY

REASONABLE MAXIMUM EXPOSURE

MSGRP FEASIBILITY STUDY

Scenario Timeframe: Future

Receptor Population: Dredger

Receptor Age: Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential EPC Young Child + Adult Young Child

Concern (mg/kg) Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure

(Radiation) Routes Total Target Organ Routes Total

Sediment Sediment Cores SC06

Arsenic 1.7E+03 Skin 4E+00 - - 7E-01 4E+00

Chemical Total - - - - - - - - - - 4E+00 - - 7E-01 4E+00

Radionuclide Total

Exposure Point Total - - 4E+00

Exposure Medium Total - - 4E+00

Medium Total - - 4E+00

Receptor Total - - 4E+00

Total Risk Across All Media - - Total Hazard Across All Media  4E+00

Total Skin HI = 4E+00
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TABLE 1-13

RISK SUMMARY

REASONABLE MAXIMUM EXPOSURE

MSGRP FEASIBILITY STUDY

Scenario Timeframe: Future

Receptor Population: Dredger

Receptor Age: Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential EPC Young Child + Adult Young Child

Concern (mg/kg) Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure

(Radiation) Routes Total Target Organ Routes Total

Sediment Sediment Cores SC08

Arsenic 1.3E+03 Skin 3E+00 - - 5E-01 3E+00

Chemical Total - - - - - - - - - - 3E+00 - - 5E-01 3E+00

Radionuclide Total

Exposure Point Total - - 3E+00

Exposure Medium Total - - 3E+00

Medium Total - - 3E+00

Receptor Total - - 3E+00

Total Risk Across All Media - - Total Hazard Across All Media  3E+00

Total Skin HI = 3E+00
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TABLE 1-14

RISK SUMMARY

REASONABLE MAXIMUM EXPOSURE

MSGRP FEASIBILITY STUDY

Scenario Timeframe: Future

Receptor Population:  Industrial Worker

Receptor Age:  Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential EPC

Concern (ug/L) Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure

(Radiation) Routes Total Target Organ Routes Total

Groundwater Groundwater Study Area

Benzene 2.4E+03 2E-05 - - 4E-05 - - 6E-05

Trichloroethene 9.5E+00 7E-07 - - 1E-06 - - 2E-06

Arsenic 1.1E+03 3E-04 - - 2E-05 - - 3E-04 Skin 2E+00 - - 1E-01 2E+00

Chemical Total 3E-04 - - 6E-05 - - 4E-04 2E+00 - - 1E-01 2E+00

Radionuclide Total

Exposure Point Total 4E-04 2E+00

Exposure Medium Total 4E-04 2E+00

Indoor Air Study Area

1,2-Dichloroethane 2.1E+00 - - 1E-05 - - - - 1E-05

Benzene 2.4E+03 - - 4E-03 - - - - 4E-03 Immune System - - 5E+01 - - 5E+01

Trichloroethene 9.5E+00 - - 2E-04 - - - - 2E-04

Naphthalene 2.8E+01 Respiratory - - 6E+00 - - 6E+00

Chemical Total - - 4E-03 - - - - 4E-03 - - 5E+01 - - 5E+01

Radionuclide Total

Exposure Point Total 4E-03 5E+01

Exposure Medium Total 4E-03 5E+01

Medium Total 5E-03 6E+01

Receptor Total 5E-03 6E+01

- -  = Not Evaluated Total Risk Across All Media 5E-03 Total Hazard Across All Media  6E+01

N/A = Not Applicable

Total Blood HI = N/A

Using the NCEA low-end slope factor/unit risk for TCE, the risk for this receptor would change to 4E-03 Total Cardiovascular HI = N/A

Using the CalEPA slope factor/unit risk for TCE, the risk for this receptor would change to 4E-03 Total Developmental HI = N/A

Using the MADEP slope factor/unit risk for TCE, the risk for this receptor would change to 4E-03 Total General Toxicity HI = N/A

Total GI System HI = N/A

Total Immune System HI = 5E+01

Total Kidney HI = N/A

Total Liver HI = N/A

Total Nervous System HI = N/A

Total Skin HI = 2E+00

Total Respiratory HI = 6E+00
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TABLE 1-15

RISK SUMMARY

REASONABLE MAXIMUM EXPOSURE

MSGRP FEASIBILITY STUDY

Scenario Timeframe: Future

Receptor Population:  Car Wash Worker

Receptor Age:  Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential EPC

Concern (ug/L) Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure

(Radiation) Routes Total Target Organ Routes Total

Groundwater Indoor Air Study Area

1,2-Dichloroethane 2.1E+00 - - 1E-05 - - - - 1E-05

Benzene 2.4E+03 - - 6E-03 - - - - 6E-03 Immune System - - 7E+01 - - 7E+01

Trichloroethene 9.5E+00 - - 3E-04 - - - - 3E-04

Naphthalene 2.8E+01 Respiratory - - 5E+00 - - 5E+00

Chemical Total - - 6E-03 - - - - 6E-03 - - 8E+01 - - 8E+01

Radionuclide Total

Exposure Point Total 6E-03 8E+01

Exposure Medium Total 6E-03 8E+01

Medium Total 6E-03 8E+01

Receptor Total 6E-03 8E+01

- -  = Not Evaluated Total Risk Across All Media 6E-03 Total Hazard Across All Media  8E+01

N/A = Not Applicable

Total Blood HI = N/A

Using the NCEA low-end unit risk for TCE, the risk for this receptor would change to 6E-03 Total Cardiovascular HI = N/A

Using the CalEPA unit risk for TCE, the risk for this receptor would change to 6E-03 Total Developmental HI = N/A

Using the MADEP unit risk for TCE, the risk for this receptor would change to 6E-03 Total General Toxicity HI = N/A

Total GI System HI = N/A

Total Immune System HI = 7E+01

Total Kidney HI = N/A

Total Liver HI = N/A

Total Nervous System HI = N/A

Total Skin HI = N/A

Total Respiratory HI = 5E+00
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TABLE 2-1

VALUES USED FOR DAILY INTAKE CALCULATIONS

REASONABLE MAXIMUM EXPOSURE

MSGRP FEASIBILITY STUDY

Scenario Timeframe:  Future

Medium: Soil

Exposure Medium: Surface Soil

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation/
Code Reference Model Name

Ingestion/Dermal Day Care Child Young Child Preliminary Remediation Goal (PRG) cancer =

(ages 1-6) IR Ingestion Rate of Soil 200 mg/day USEPA, 1997a TR x AT-C

FI Fraction Ingested 1 unitless Prof. Judgement SF x EF x FI x CF x (IF + DF)

EF Exposure Frequency 150 days/year USEPA, 1994b where ingestion factor (IF) =

ED Exposure Duration 6 years USEPA, 1994b ED x IR

BW Body Weight 15 kg USEPA, 1997a BW

AT-C Averaging Time (Cancer) 25,550 days USEPA, 1989 and dermal factor (DF) =

AT-N Averaging Time (Non-Cancer) 2,190 days USEPA, 1989 ED x SA x AF x DAF

CF Conversion Factor 0.000001 kg/mg - - BW

SA Skin Surface Area Available for Contact 2,800 cm2 USEPA, 2004a Preliminary Remediation Goal (PRG) non-cancer =

AF Skin Adherence Factor 0.2 mg/cm2-day USEPA, 2004a THI x RfD x BW x AT-N

DAF Arsenic Dermal Absorption Factor 0.03 - - - - ED x EF x CF x [IR + (SA x AF x DAF)]

RfD Arsenic Oral Reference Dose 3E-04 mg/kg-day - -

THI Target Hazard Index 1 - - - -

SF Arsenic Oral Slope Factor 1.5E+00 (mg/kg-day)-1 - -

TR Target ILCR 10-6 to 10-4
- - - -

SO
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TABLE 2-2

VALUES USED FOR DAILY INTAKE CALCULATIONS

REASONABLE MAXIMUM EXPOSURE

MSGRP FEASIBILITY STUDY

Scenario Timeframe:  Future

Medium: Soil

Exposure Medium: Subsurface Soil

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation/
Code Reference Model Name

Ingestion/Dermal Day Care Child Young Child Preliminary Remediation Goal (PRG) cancer =

(ages 1-6) IR Ingestion Rate of Soil 200 mg/day USEPA, 1997a TR x AT-C

FI Fraction Ingested 1 unitless Prof. Judgement SF x EF x FI x CF x (IF + DF)

EF Exposure Frequency 150 days/year USEPA, 1994b where ingestion factor (IF) =

ED Exposure Duration 6 years USEPA, 1994b ED x IR

BW Body Weight 15 kg USEPA, 1997a BW

AT-C Averaging Time (Cancer) 25,550 days USEPA, 1989 and dermal factor (DF) =

AT-N Averaging Time (Non-Cancer) 2,190 days USEPA, 1989 ED x SA x AF x DAF

CF Conversion Factor 0.000001 kg/mg - - BW

SA Skin Surface Area Available for Contact 2,800 cm2 USEPA, 2004a Preliminary Remediation Goal (PRG) non-cancer =

AF Skin Adherence Factor 0.2 mg/cm2-day USEPA, 2004a THI x RfD x BW x AT-N

DAF Arsenic Dermal Absorption Factor 0.03 - - USEPA, 2004a ED x EF x CF x [IR + (SA x AF x DAF)]

RfD Arsenic Oral Reference Dose 3E-04 mg/kg-day - -

THI Target Hazard Index 1 - - - -

SF Arsenic Oral Slope Factor 1.5E+00 (mg/kg-day)-1 - -

TR Target ILCR 10-6 to 10-4 - - - -
Ingestion/Dermal Construction Worker Adult Preliminary Remediation Goal (PRG) cancer =

IR Ingestion Rate of Soil 200 mg/day USEPA, 1997a TR x AT-C

FI Fraction Ingested 1 unitless Prof. Judgement SF x EF x FI x CF x (IF + DF)

EF Exposure Frequency 125 days/year Prof. Judgement where ingestion factor (IF) =

ED Exposure Duration 1 years Prof. Judgement ED x IR

BW Body Weight 70 kg USEPA, 1997a BW

AT-C Averaging Time (Cancer) 25,550 days USEPA, 1989 and dermal factor (DF) =

AT-N Averaging Time (Non-Cancer) 365 days USEPA, 1989 ED x SA x AF x DAF

CF Conversion Factor 0.000001 kg/mg - - BW

SA Skin Surface Area Available for Contact 3,300 cm2 USEPA, 2004a Preliminary Remediation Goal (PRG) non-cancer =

AF Skin Adherence Factor 0.2 mg/cm2-day USEPA, 2004a THI x RfD x BW x AT-N

DAF Arsenic Dermal Absorption Factor 0.03 - - - - ED x EF x CF x [IR + (SA x AF x DAF)]

RfD Arsenic Oral Reference Dose 3E-04 mg/kg-day - -

THI Target Hazard Index 1 - - - -

SF Arsenic Oral Slope Factor 1.5E+00 (mg/kg-day)-1 - -

TR Target ILCR 10-6 to 10-4
- - - -

SO

SO
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TABLE 2-3

VALUES USED FOR DAILY INTAKE CALCULATIONS

REASONABLE MAXIMUM EXPOSURE

MSGRP FEASIBILITY STUDY

Scenario Timeframe:  Future

Medium: Sediment

Exposure Medium: Sediment

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation/
Code Reference Model Name

Ingestion/Dermal Recreational User Adult/Young Child Preliminary Remediation Goal (PRG) cancer =

IRA Ingestion Rate of Sediment - adult 100 mg/day USEPA, 1994b TR x BWA x AT-C TR x BWC x AT-C

FI Fraction Ingested 0.5 unitless Prof. Judgement SFO x IRA x FI x EF x EDA x CF SFO x IRC x FI x EF x EDC x CF

EF Exposure Frequency 78 days/year assumption

EDA Exposure Duration - adult 24 years USEPA, 1994b TR x BWA x AT-C TR x BWC x AT-C

BWA Body Weight - adult 70 kg USEPA, 1994b SFD x SAA x AFA x EF x EDA x DAF SFD x SAC x AFC x EF x EDC x DAF

AT-C Averaging Time (Cancer) 25,550 days USEPA, 1989

AT-N Averaging Time (Non-Cancer) 8,760 days USEPA, 1989

CF Conversion Factor 0.000001 kg/mg - -

SAA Skin Surface Area for contact - adult 5,700 cm2 USEPA, 2004d Preliminary Remediation Goal (PRG) non-cancer =

AFA Skin Adherence Factor - adult 0.07 mg/cm2-day USEPA, 2004d THI x RfDO x BWC x AT-N THI x RfDD x BWC x AT-N

DAF Arsenic Dermal Absorption Factor 0.03 - - - - IRC x FI x EF x EDC x CF SAC x AFC x EF x EDC x DAF

RfDO Arsenic Oral Reference Dose 5.9E-04 mg/kg-day - -

RfDD Arsenic Dermal Reference Dose 3.0E-04 mg/kg-day - -

THI Target Hazard Index 1 - - - -

SFO Arsenic Oral Slope Factor 7.7E-01 (mg/kg-day)-1 - -

SFD Arsenic Dermal Slope Factor 1.5E+00 (mg/kg-day)-1 - -

TR Target ILCR 10-6 to 10-4 - - - -

IRC Ingestion Rate of Sediment - child 200 mg/day USEPA, 1994b

EDC Exposure Duration - child 6 years USEPA, 1994b

BWC Body Weight - child 15 kg USEPA, 1994b

SAC Skin Surface Area Available - child 2,800 cm2 USEPA, 2004d

AFC Skin Adherence Factor - child 0.2 mg/cm2-day USEPA, 2004d

Stations WH, NT-3,
and 13/TT-27

+

+

+

+
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TABLE 2-3

VALUES USED FOR DAILY INTAKE CALCULATIONS

REASONABLE MAXIMUM EXPOSURE

MSGRP FEASIBILITY STUDY

Scenario Timeframe:  Future

Medium: Sediment

Exposure Medium: Sediment

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation/
Code Reference Model Name

Preliminary Remediation Goal (PRG) cancer =

IRA Ingestion Rate of Sediment - adult 100 mg/day USEPA, 1994b TR x BWA x AT-C TR x BWC x AT-C

FI Fraction Ingested 0.5 unitless Prof. Judgement SFO x IRA x FI x EF x EDA x CF SFO x IRC x FI x EF x EDC x CF

EF Exposure Frequency 104 days/year assumption

EDA Exposure Duration - adult 24 years USEPA, 1994b TR x BWA x AT-C TR x BWC x AT-C

BWA Body Weight - adult 70 kg USEPA, 1994b SFD x SAA x AFA x EF x EDA x DAF SFD x SAC x AFC x EF x EDC x DAF

AT-C Averaging Time (Cancer) 25,550 days USEPA, 1989

AT-N Averaging Time (Non-Cancer) 8,760 days USEPA, 1989

CF Conversion Factor 0.000001 kg/mg - -

SAA Skin Surface Area for contact - adult 5,700 cm2 USEPA, 2004d Preliminary Remediation Goal (PRG) non-cancer =

AFA Skin Adherence Factor - adult 0.07 mg/cm2-day USEPA, 2004d THI x RfDO x BWC x AT-N THI x RfDD x BWC x AT-N

DAF Dermal Absorption Factor 0.03 - - - - IRC x FI x EF x EDC x CF SAC x AFC x EF x EDC x DAF

RfDO Arsenic Oral Reference Dose 5.9E-04 mg/kg-day - -

RfDD Arsenic Dermal Reference Dose 3.0E-04 mg/kg-day

THI Target Hazard Index 1 - - - -

SFO Arsenic Oral Slope Factor 7.7E-01 (mg/kg-day)-1 - -

SFD Arsenic Dermal Slope Factor 1.5E+00 (mg/kg-day)-1

TR Target ILCR 10-6 to 10-4 - - - -

IRC Ingestion Rate of Sediment - child 200 mg/day USEPA, 1994b

EDC Exposure Duration - child 6 years USEPA, 1994b

BWC Body Weight - child 15 kg USEPA, 1994b

SAC Skin Surface Area Available - child 2,800 cm2 USEPA, 2004d

AFC Skin Adherence Factor - child 0.2 mg/cm2-day USEPA, 2004d

Station CB-03Ingestion/Dermal
(cont.)

Adult/Young Child
(cont.)

Recreational User
(cont.)

+

+ +

+
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TABLE 2-4

VALUES USED FOR DAILY INTAKE CALCULATIONS

REASONABLE MAXIMUM EXPOSURE

MSGRP FEASIBILITY STUDY

Scenario Timeframe:  Future

Medium: Sediment

Exposure Medium: Sediment Cores

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation/
Code Reference Model Name

Ingestion/Dermal Dredger Adult Preliminary Remediation Goal (PRG) cancer =

IR Ingestion Rate of Sediment 200 mg/day USEPA, 1997a TR x BW x AT-C TR x BW x AT-C

FI Fraction Ingested 1 unitless Prof. Judgement SFO x IR x FI x EF x ED x CF SFD x SA x AF x EF x ED x DAF

EF Exposure Frequency 167 days/year Prof. Judgement

ED Exposure Duration 2 years Prof. Judgement Preliminary Remediation Goal (PRG) non-cancer =

BW Body Weight 70 kg USEPA, 1997a THI x RfDO x BW x AT-N THI x RfDD x BW x AT-N

AT-C Averaging Time (Cancer) 25,550 days USEPA, 1989 IR x FI x EF x ED x CF SA x AF x EF x ED x DAF

AT-N Averaging Time (Non-Cancer) 730 days USEPA, 1989

CF Conversion Factor 0.000001 kg/mg - -

SA Skin Surface Area Available for Contact 3,300 cm2 USEPA, 2004a

AF Skin Adherence Factor 0.2 mg/cm2-day USEPA, 2004a

DAF Dermal Absorption Factor 0.03 - - - -

RfDO Arsenic Oral Reference Dose 5.9E-04 mg/kg-day - -

RfDD Arsenic Dermal Reference Dose 3.0E-04 mg/kg-day

THI Target Hazard Index 1 - - - -

SFO Arsenic Oral Slope Factor 7.7E-01 (mg/kg-day)-1 - -

SFD Arsenic Dermal Slope Factor 1.5E+00 (mg/kg-day)-1

TR Target ILCR 10-6 to 10-4
- - - -

Sediment Cores

+

+
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TABLE 2-5

VALUES USED FOR DAILY INTAKE CALCULATIONS

REASONABLE MAXIMUM EXPOSURE

MSGRP FEASIBILITY STUDY

Scenario Timeframe:  Future

Medium: Groundwater

Exposure Medium: Groundwater

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation/
Code Reference Model Name

Industrial Worker Adult Inorganics:

IR Ingestion Rate of Water 0.05 liters/day Prof. Judgement Preliminary Remediation Goal (PRG) cancer =

EF Exposure Frequency 250 days/year USEPA, 1997a TR x BW x AT-C TR x BW x AT-C

ED Exposure Duration 25 years USEPA, 1997a SF x IR x EF x ED x CF1 SF x SA x PC x ET x EV x EF x ED x CF1 x CF2

BW Body Weight 70 kg USEPA, 1997a

AT-C Averaging Time (Cancer) 25550 days USEPA, 1989 Preliminary Remediation Goal (PRG) non-cancer =

AT-N Averaging Time (Non-Cancer) 9125 days USEPA, 1989 THI x RfD x BW x AT-N THI x RfD x BW x AT-N

CF1 Conversion Factor 1 0.001 mg/ug - - IR x EF x ED x CF1 SA x PC x ET x EV x EF x ED x CF1 x CF2

TR Target ILCR 10-6 to 10-4 - - - - Organics:

DA Dose Absorbed per Unit Area per Event see Table 5-1 mg/cm2-event USEPA, 2004a Preliminary Remediation Goal (PRG) cancer =

SA Skin Surface Area Available for Contact 3300 cm2 USEPA, 2004a TR x BW x AT-C TR x BW x AT-C

PC Arsenic Permeability Constant 1E-03 cm/hr USEPA, 2004a SF x IR x EF x ED x CF1 SF x DA x SA x EV x EF x ED

ET Event Time 1 hrs/event Prof. Judgement TR x AT-C x CF3

EV Event Frequency 1 events/day Prof. Judgement UR x EXT x EF x ED

SF Oral Slope Factor see Table 4-1 (mg/kg-day)-1 - -

RfD Oral Reference Dose see Table 3-1 mg/kg-day - - Preliminary Remediation Goal (PRG) non-cancer =

THI Target Hazard Index 1 - - - - THI x RfD x BW x AT-N THI x RfD x BW x AT-N

UR Inhalation Unit Risk see Table 4-2 (ug/m3)-1 - - IR x EF x ED x CF1 DA x SA x EV x EF x ED

CF2 Conversion Factor 2 0.001 L/cm3 - - THI x RfC x AT-N x CF3

EXT Exposure Time 8 hrs/day USEPA, 1997a EXT x EF x ED

RfC Inhalation Reference Concentration see Table 3-2 ug/m3 - -

CF3 Conversion Factor 3 24 hrs/day - -
Car Wash Worker Adult Preliminary Remediation Goal (PRG) cancer =

EXT Exposure Time 8 hrs/day USEPA, 1997a TR x AT-C x CF3

EF Exposure Frequency 250 days/year USEPA, 1997a UR x EXT x EF x ED

ED Exposure Duration 25 years USEPA, 1997a Preliminary Remediation Goal (PRG) non-cancer =

CF3 Conversion Factor 3 24 hrs/day - - THI x RfC x AT-N x CF3

TR Target ILCR 10-6 to 10-4 - - - - EXT x EF x ED

UR Inhalation Unit Risk see Table 4-2 (ug/m3)-1 - -

THI Target Hazard Index 1 - - - -

RfC Inhalation Reference Concentration see Table 3-2 ug/m3 - -

AT-C Averaging Time (Cancer) 25,550 days USEPA, 1989

AT-N Averaging Time (Non-Cancer) 9,125 days USEPA, 1989

+

+ +

Inhalation of
volatiles

+

+

+

Ingestion/Dermal/
Inhalation of

Volatiles

Study Area

Study Area
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TABLE 2-6

VALUES USED FOR DAILY INTAKE CALCULATIONS

REASONABLE MAXIMUM EXPOSURE

MSGRP FEASIBILITY STUDY

Scenario Timeframe:  Future

Medium: Groundwater

Exposure Medium: Shallow Groundwater

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation/
Code Reference Model Name

Ingestion/Dermal Construction Worker Adult Preliminary Remediation Goal (PRG) cancer =

IR Ingestion Rate of Water 0.05 liters/day Prof. Judgement TR x BW x AT-C + TR x BW x AT-C

EF Exposure Frequency 125 days/year Prof. Judgement SF x IR x EF x ED x CF1 SF x SA x PC x ET x EV x EF x ED x CF1 x CF2

ED Exposure Duration 1 years Prof. Judgement

BW Body Weight 70 kg USEPA, 1997a Preliminary Remediation Goal (PRG) non-cancer =

AT-C Averaging Time (Cancer) 25550 days USEPA, 1989 THI x RfD x BW x AT-N + THI x RfD x BW x AT-N

AT-N Averaging Time (Non-Cancer) 365 days USEPA, 1989 IR x EF x ED x CF1 SA x PC x ET x EV x EF x ED x CF1 x CF2

CF1 Conversion Factor 1 0.001 mg/ug - -

SA Skin Surface Area Available for Contact 3300 cm2 USEPA, 2004a

PC Arsenic Permeability Constant 1E-03 cm/hr USEPA, 2004a

ET Event Time 1 hrs/event Prof. Judgement

EV Event Frequency 1 events/day Prof. Judgement

RfD Arsenic Oral Reference Dose 3.0E-04 mg/kg-day - -

THI Target Hazard Index 1 - - - -

SF Arsenic Oral Slope Factor 1.5E+00 (mg/kg-day)-1 - -

CF2 Conversion Factor 2 0.001 L/cm3 - -

TR Target ILCR 10-6 to 10-4
- - - -

Study Area
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TABLE 3-1

NON-CANCER TOXICITY DATA -- ORAL/DERMAL

MSGRP FEASIBILITY STUDY

Chemical Chronic/ Oral RfD Oral Absorption Absorbed RfD for Dermal Primary Combined RfD:Target Organ(s)

of  Potential Subchronic Efficiency for Dermal Target Uncertainty/Modifying

Concern Value Units Value Units Organ(s) Factors Source(s) Date(s)

(1) (2) (MM/DD/YYYY)

Benzene Chronic 4E-03 mg/kg-day (3) 4E-03 mg/kg-day Immune System 300 IRIS 01/05/05

Trichloroethene Chronic 3E-04 mg/kg-day (3) 3E-04 mg/kg-day Liver 3000 NCEA 01/05/05

Benzo(a)pyrene Chronic N/A N/A N/A N/A N/A N/A N/A N/A N/A

Arsenic (5) Chronic/Subchronic 3E-04 mg/kg-day (3) 3E-04 mg/kg-day Skin 3 IRIS 01/05/05

(1)  Oral absorption efficiencies from RAGS, Part E (USEPA, 2004). IRIS = Integrated Risk Information System

(2)  Calculated as: (oral RfD) x (oral to dermal adjustment factor). NCEA = National Center for Environmental Assessment

(3)  Oral absorption efficiency exceeds 50%.  No adjustment of the oral reference dose is necessary. N/A = Not Applicable

(4)  Permeability constants (Kp) used for water absorption calculations:  1E-03 cm/hr for arsenic (USEPA, 2004);

      for organics, see Table 5-1.

(5)  Used for all media and exposures except oral exposures to sediment (see Table 3-3).
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TABLE 3-2

NON-CANCER TOXICITY DATA -- INHALATION

MSGRP FEASIBILITY STUDY

Chemical Chronic/ Inhalation RfC Extrapolated RfD Primary Combined RfC : Target Organ(s)
of  Potential Subchronic Target Uncertainty/Modifying

Concern Value Units Value Units Organ(s) Factors Source(s) Date(s)
(MM/DD/YYYY)

1,2-Dichloroethane Chronic 5.00E+00 ug/m3 N/A N/A Liver/Kidney/GI System 3000 NCEA 1/5/2005

Benzene Chronic 3.00E+01 ug/m3 N/A N/A Immune System 300 IRIS 1/5/2005

Trichloroethene Chronic 4.00E+01 ug/m3 N/A N/A Liver/CNS 3000 NCEA 1/5/2005

Naphthalene Chronic 3.00E+00 ug/m3 N/A N/A Respiratory 3000 IRIS 1/5/2005

IRIS = Integrated Risk Information System

NCEA = National Center for Environmental Assessment

N/A = Not Applicable
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TABLE 3-3

NON-CANCER TOXICITY DATA -- SPECIAL CASE CHEMICALS

MSGRP FEASIBILITY STUDY

Chemical Chronic/ Parameter Primary Target Combined Parameter:Target Organ(s)

of  Potential Subchronic Organ(s) Uncertainty/Modifying
Concern Name Value Units Factors Source(s) Date(s)

Arsenic Chronic Sediment Oral RfD adjusted for site-specific relative
bioavailability

5.9E-04 mg/kg-day skin 3 IRIS 01/05/05
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TABLE 4-1

CANCER TOXICITY DATA -- ORAL/DERMAL

MSGRP FEASIBILITY STUDY

Chemical Oral Cancer Slope Factor Oral Absorption Absorbed Cancer Slope Factor Weight of Evidence/ Oral CSF

of Potential Efficiency for Dermal for Dermal Cancer Guideline

Concern Value Units Value Units Description Source(s) Date(s)

(1) (2) (MM/DD/YYYY)

Benzene 5.50E-02 (mg/kg-day) -1 (1) 5.50E-02 (mg/kg-day) -1 A IRIS 01/05/05

Trichloroethene 4.0E-01 (mg/kg-day) -1 (1) 4.0E-01 (mg/kg-day) -1 C-B2 NCEA 01/05/05

Benzo(a)pyrene 7.3E+00 (mg/kg-day) -1 (1) 7.3E+00 (mg/kg-day) -1 B2 IRIS 01/05/05

Arsenic (3) 1.5E+00 (mg/kg-day) -1 (1) 1.5E+00 (mg/kg-day) -1 A IRIS 01/05/05

IRIS = Integrated Risk Information System EPA Group:

NCEA = National Center for Environmental Assessment      A - Human carcinogen

N/A = Not Applicable      B1 - Probable human carcinogen - indicates that limited human data are available

     B2 - Probable human carcinogen - indicates sufficient evidence in animals and

              inadequate or no evidence in humans

     C - Possible human carcinogen

     D - Not classifiable as a human carcinogen (by the oral route)

     E - Evidence of noncarcinogenicity

(1)  Oral absorption efficiency exceeds 50%.  Therefore, no adjustment of the oral slope factor is necessary.

(2)  Calculated as: (oral slope factor) / (oral to dermal adjustment factor)

(3)  Used for all media and exposures except oral exposures to sediment (see Table 4-3).
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TABLE 4-2

CANCER TOXICITY DATA -- INHALATION

MSGRP FEASIBILITY STUDY

Chemical Unit Risk Inhalation Cancer Slope Factor Weight of Evidence/ Unit Risk : Inhalation CSF
of Potential Cancer Guideline

Concern Value Units Value Units Description Source(s) Date(s)
(MM/DD/YYYY)

1,2-Dichloroethane 2.60E-05 (ug/m3) -1
N/A N/A B2 IRIS 01/05/05

Benzene 7.80E-06 (ug/m3) -1
N/A N/A A IRIS 01/05/05

Trichloroethene 1.10E-04 (ug/m3) -1 N/A N/A C-B2 NCEA 01/05/05

Naphthalene N/A N/A N/A N/A C IRIS 01/05/05

IRIS = Integrated Risk Information System EPA Group:

NCEA = National Center for Environmental Assessment     A - Human carcinogen

CalEPA = California Environmental Protection Agency     B1 - Probable human carcinogen - indicates that limited human data are available

N/A = Not Applicable      B2 - Probable human carcinogen - indicates sufficient evidence in animals and

              inadequate or no evidence in humans

     C - Possible human carcinogen

     D - Not classifiable as a human carcinogen (by the oral route)

     E - Evidence of noncarcinogenicity
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TABLE 4-3

CANCER TOXICITY DATA -- SPECIAL CASE CHEMICALS

MSGRP FEASIBILITY STUDY

Chemical Parameter Parameter:Target Organ(s)

of  Potential
Concern Name Value Units Source(s) Date(s)

Arsenic Sediment oral cancer slope factor adjusted for site-
specific relative bioavailability

7.7E-01 (mg/kg-day) -1 IRIS 01/05/05
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TABLE 5-1.  DERMALLY ABSORBED DOSE CALCULATIONS - GROUNDWATER
(Variable Definitions follow Table)

Exposure Point Timeframe Receptor Cancer/ RME/ A t_event EV EF ED BW AT Isc IR ABSGI Chemical CAS No. MWT logKow Kp Kp (cm/hr) Kp (cm/hr) Kp

Non-cancer CT cm2 hr/event event/day days/yr years kg days cm cm3/day 95% LCI predicted measured 95% UCI

Study Area Future Indust. Worker Non-cancer RME
3300 1 1 250 25 70 9125 1.0E-03 2000 1 1,2-Dichloroethane 107062 99.0 1.48 1.7E-04 4.2E-03 NA 1.0E-01
3300 1 1 250 25 70 9125 1.0E-03 2000 1 Benzene 71432 78.1 2.13 5.9E-04 1.5E-02 NA 3.7E-01
3300 1 1 250 25 70 9125 1.0E-03 2000 1 Trichloroethene 79016 131.4 2.42 NA 1.2E-02 1.6E-02 NA

3300 1 1 250 25 70 9125 1.0E-03 2000 1 Naphthalene 91203 128.2 3.30 1.8E-03 4.7E-02 NA 1.2E+00

CT
3300 0.5 1 219 9 70 3285 1.0E-03 2000 1 1,2-Dichloroethane 107062 99.0 1.48 1.7E-04 4.2E-03 NA 1.0E-01
3300 0.5 1 219 9 70 3285 1.0E-03 2000 1 Benzene 71432 78.1 2.13 5.9E-04 1.5E-02 NA 3.7E-01
3300 0.5 1 219 9 70 3285 1.0E-03 2000 1 Trichloroethene 79016 131.4 2.42 NA 1.2E-02 1.6E-02 NA

3300 0.5 1 219 9 70 3285 1.0E-03 2000 1 Naphthalene 91203 128.2 3.30 1.8E-03 4.7E-02 NA 1.2E+00

Cancer RME
3300 1 1 250 25 70 25550 1.0E-03 2000 1 1,2-Dichloroethane 107062 99.0 1.48 1.7E-04 4.2E-03 NA 1.0E-01
3300 1 1 250 25 70 25550 1.0E-03 2000 1 Benzene 71432 78.1 2.13 5.9E-04 1.5E-02 NA 3.7E-01
3300 1 1 250 25 70 25550 1.0E-03 2000 1 Trichloroethene 79016 131.4 2.42 NA 1.2E-02 1.6E-02 NA

3300 1 1 250 25 70 25550 1.0E-03 2000 1 Naphthalene 91203 128.2 3.30 1.8E-03 4.7E-02 NA 1.2E+00

CT
3300 0.5 1 219 9 70 25550 1.0E-03 2000 1 1,2-Dichloroethane 107062 99.0 1.48 1.7E-04 4.2E-03 NA 1.0E-01
3300 0.5 1 219 9 70 25550 1.0E-03 2000 1 Benzene 71432 78.1 2.13 5.9E-04 1.5E-02 NA 3.7E-01
3300 0.5 1 219 9 70 25550 1.0E-03 2000 1 Trichloroethene 79016 131.4 2.42 NA 1.2E-02 1.6E-02 NA

3300 0.5 1 219 9 70 25550 1.0E-03 2000 1 Naphthalene 91203 128.2 3.30 1.8E-03 4.7E-02 NA 1.2E+00
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TABLE 5-1.  DERMALLY ABSORBED DOSE CALCULATIONS - GROUNDWATER
(Variable Definitions follow Table)

Exposure Point Timeframe Receptor Cancer/ RME/

Non-cancer CT

Study Area Future Indust. Worker Non-cancer RME

CT

Cancer RME

CT

Derm/Drink Chem B tau t_star FA Conc DA_event DAD log(Ds/lsc)   Dsc/lsc Dsc b c t_star1 t_star3

Kp Assess (hr) (hr) for tau>3 mg/cm3 mg/cm2-evt mg/kg-day B>0.6 B<=0.6

1%     N    0.016 0.38 0.90 1.0 2.1E-06 1.6E-08 5.1E-07 -3.35E+00 4.42E-04 4.42E-07 3.1E-01 3.4E-01 N/A 0.90
4%     N    0.051 0.29 0.69 1.0 2.4E-03 5.5E-05 1.8E-03 -3.24E+00 5.79E-04 5.79E-07 3.3E-01 3.7E-01 N/A 0.69
4%     N    0.051 0.57 1.37 1.0 9.5E-06 2.3E-07 7.4E-06 -3.54E+00 2.91E-04 2.91E-07 3.4E-01 3.7E-01 N/A 1.37

16%     Y   0.2 0.55 1.32 1.0 2.8E-05 2.7E-06 8.7E-05 -3.52E+00 3.03E-04 3.03E-07 4.4E-01 4.8E-01 N/A 1.32

1%     N    0.016 0.38 0.90 1.0 2.1E-06 1.1E-08 3.0E-07 -3.35E+00 4.42E-04 4.42E-07 3.1E-01 3.4E-01 N/A 0.90
3%     N    0.051 0.29 0.69 1.0 2.4E-03 3.7E-05 1.1E-03 -3.24E+00 5.79E-04 5.79E-07 3.3E-01 3.7E-01 N/A 0.69
3%     N    0.051 0.57 1.37 1.0 9.5E-06 1.6E-07 4.6E-06 -3.54E+00 2.91E-04 2.91E-07 3.4E-01 3.7E-01 N/A 1.37

11%     Y   0.2 0.55 1.32 1.0 2.8E-05 1.9E-06 5.4E-05 -3.52E+00 3.03E-04 3.03E-07 4.4E-01 4.8E-01 N/A 1.32

1%     N    0.016 0.38 0.90 1.0 2.1E-06 1.6E-08 1.8E-07 -3.35E+00 4.42E-04 4.42E-07 3.1E-01 3.4E-01 N/A 0.90
4%     N    0.051 0.29 0.69 1.0 2.4E-03 5.5E-05 6.4E-04 -3.24E+00 5.79E-04 5.79E-07 3.3E-01 3.7E-01 N/A 0.69
4%     N    0.051 0.57 1.37 1.0 9.5E-06 2.3E-07 2.7E-06 -3.54E+00 2.91E-04 2.91E-07 3.4E-01 3.7E-01 N/A 1.37

16%     Y   0.2 0.55 1.32 1.0 2.8E-05 2.7E-06 3.1E-05 -3.52E+00 3.03E-04 3.03E-07 4.4E-01 4.8E-01 N/A 1.32

1%     N    0.016 0.38 0.90 1.0 2.1E-06 1.1E-08 3.9E-08 -3.35E+00 4.42E-04 4.42E-07 3.1E-01 3.4E-01 N/A 0.90
3%     N    0.051 0.29 0.69 1.0 2.4E-03 3.7E-05 1.4E-04 -3.24E+00 5.79E-04 5.79E-07 3.3E-01 3.7E-01 N/A 0.69
3%     N    0.051 0.57 1.37 1.0 9.5E-06 1.6E-07 5.9E-07 -3.54E+00 2.91E-04 2.91E-07 3.4E-01 3.7E-01 N/A 1.37

11%     Y   0.2 0.55 1.32 1.0 2.8E-05 1.9E-06 7.0E-06 -3.52E+00 3.03E-04 3.03E-07 4.4E-01 4.8E-01 N/A 1.32
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DERMAL ABSORPTION CALCULATION EXAMPLE
Note:  This EPA spreadsheet utilized as basis for Table 5-1 calculations.

FOR ORGANIC CHEMICALS IN WATER (updated on 11/99)

Worksheet to Calculate Dermal Absorption of Organic Chemicals from Aqueous Media (updated 11/99)

Enter the Following Exposure Conditions:  for site specific conditions, change values in Cells G5-G18

Concentration (mg/L*L/1000 cm3): Conc = 1.0E-03 mg/cm3 (default value for purpose of illustration)
     Input site specific concentrations in Column marked "Conc" = 1 mg/L (1 ppm) = 1 ug/cm3 = 1000 ppb
Area exposed (cm2): A = 5672.0 cm2
Event time (hr/event): t_event = 0.5 hr/event (35 minutes/event)
Event frequency (events/day): EV = 1.0 event/day
Exposure frequency (days/year): EF = 26.0 days/yr
Exposure duration (years): ED = 7.0 years
Body weight (kg): BW = 70.0 kg
Averaging time (days): AT = 2555.0 days
     for carcinogenic effects, AT=70 years (25,550 days)
     for noncarcinogenic effects, AT=ED (in days)
Skin thickness (assumed to be 10 um): lsc = 1.0E-03 cm

Default conditions for screening purposes:

Compare Dermal to Drinking:  Adults showering for 35 minutes/day, compared to drinking 2L water/day

Dermal (mg/day) = DA_event * A * EV IR = 2000.0 (cm3/day = L/day * 1000 cm3/L)
Drinking (mg/day) = Conc * IR * ABSIG ABSGI = 1.0 (assumed 100% GI absorption)

IR:  Ingestion rate of drinking water
ABSIG:  Absorption fraction in GI tract

Refer to Appendix A for equations to evaluate DA_event and DAD

(*):  outside of the Effective Prediction Domain (EPD) determined by the Flynn's measured Kp data

95% LCI and UCI are evaluated by Dr. Paul Pinsky in NCEA using SAS

CHEMICAL   CAS No. MWT logKow Kp Kp Kp Kp Chemicals Derm/ Chem B tau t_star
95% LCI (cm/hr) (cm/hr) 95% UCI outside Drink Assess (hr) (hr)

predicted measured EPD (*) Kp

118 Heptachlor 76448 373.5 4.27 3.4E-04 8.6E-03 2.2E-01 14%     Y   0.1 12.99 31.16

FA Conc DA_event DAD log(Ds/lsc)   Dsc/lsc Dsc b c t_star1 t_star3
for tau>3 (mg/cm3) (mg/cm2-evt) (mg/kg-day) B>0.6 B<=0.6

0.8 1.4E-09 6.8E-11 3.9E-10 -4.89E+00 1.28E-05 1.28E-08 3.4E-01 3.8E-01 #NUM! 31.16
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TABLE 5-2. SHOWER MODEL
FOSTER AND CHROSTOWSKI
Future Adult Scenario - Study Area Groundwater in Car Wash

Estimation of Gas-Phase Mass Estimation of Liquid-Phase Mass Estimation of Overall Mass Temperature Adjusted Overall Mass Maximum Concentration Leaving the VOC Generation Rate in VOC Air Concentration in
Transfer Coefficient (cm/hr) Transfer Coefficient (cm/hour) Transfer Coefficient (cm/hr) Transfer Coefficient (cm/hr) -- K'L Shower Droplet the Shower Room the Shower Room ( for t <= DS)

kg(VOC) kl(VOC) KL K'L Cwd S Ca(t)

kg(VOC) = kg (H20) ( 18 / MW)0.5 kl(VOC) = kl(CO2) ( 44 / MW)0.5 KL = ( 1/kl(VOC) + RT / H kg(VOC) )-1 K'L = KL ( Tl us / Ts ul )
-0.5 Cwd = Cwo ( 1 - exp [ -Kal ts / 60 d] ) S = Cwd (FR) / SV Ca(t) = (S/R) (1 - exp[-R t] )

kg (H20) MW kg(VOC) kl (CO2) MW kl(VOC) H RT KL Tl Ts ul us K'L Cwo ts d Cwd FR SV S R Ds t Ca(t)

Analyte cm/hr g/mole cm/hr cm/hr g/mole cm/hr atm-m3/moleatm-m3/mole cm/hr K K cp cp cm/hr ug/L sec mm ug/L l/min m3 ug/m3-min min-1 min min mg/m3

1,2-Dichloroethane 3.00E+03 9.90E+01 1.28E+03 2.00E+01 9.90E+01 1.33E+01 1.16E-03 2.40E-02 1.10E+01 2.93E+02 3.18E+02 1.00E+00 5.96E-01 1.48E+01 2.13E+00 2.00E+00 1.00E+00 8.29E-01 1.00E+01 6.00E+00 1.38E+00 8.33E-03 1.50E+01 5.00E+00 6.77E-03
Benzene 3.00E+03 7.81E+01 1.44E+03 2.00E+01 7.81E+01 1.50E+01 5.45E-03 2.40E-02 1.44E+01 2.93E+02 3.18E+02 1.00E+00 5.96E-01 1.93E+01 2.39E+03 2.00E+00 1.00E+00 1.14E+03 1.00E+01 6.00E+00 1.89E+03 8.33E-03 1.50E+01 5.00E+00 9.27E+00

Trichloroethene 3.00E+03 1.31E+02 1.11E+03 2.00E+01 1.31E+02 1.16E+01 9.68E-03 2.40E-02 1.13E+01 2.93E+02 3.18E+02 1.00E+00 5.96E-01 1.52E+01 9.47E+00 2.00E+00 1.00E+00 3.77E+00 1.00E+01 6.00E+00 6.28E+00 8.33E-03 1.50E+01 5.00E+00 3.07E-02

Naphthalene 3.00E+03 1.28E+02 1.12E+03 2.00E+01 1.28E+02 1.17E+01 4.32E-04 2.40E-02 7.42E+00 2.93E+02 3.18E+02 1.00E+00 5.96E-01 1.00E+01 2.84E+01 2.00E+00 1.00E+00 8.05E+00 1.00E+01 6.00E+00 1.34E+01 8.33E-03 1.50E+01 5.00E+00 6.57E-02

Notes:

MW = Molecular weight (g/mole) K'L = Temp adjusted mass-transfer coefficient (cm/hr)
kg (H20) = Gas phase mass transfer coefficient for H20 (cm/hr) Cwo = Shower water concentration (tap water conc. - ug/L)
kg(VOC) = Gas-phase mass-transfer coefficient for the analyte (cm/hr) ts = Shower droplet drop time (sec)
kl (CO2) = Liquid phase mass transfer coefficient for CO2 (cm/hr) d = Shower droplet diameter (millimeters, mm)
kl(VOC) = Liquid-phase mass-transfer coefficient for the analyte (cm/hr) Cwd = Concentration leaving shower droplet after time ts (ug/L)

H = Henry's Law Constant (atm-m3/mole) FR = Shower water flow rate (liters/minute, l/m)

RT = Gas constant-temp factor (atm-m3/mole) SV = Shower room air volume (m3)

KL = Overall Mass-Transfer Coefficient (cm/hr) S = VOC generation rate in the shower room (ug/m3-min)

Tl = Calibration water temperature of KL (K) R = Air exchange rate (min-1)

Ts = Shower water temperature (range 300-320 K) Ds = Shower duration (min)
ul = Water viscosity at Tl (at 20 C), centipoise (cp) t = time (min)
us = Water viscosity at Ts (at 45 C), centipoise (cp) Ca(t) = Time dependent indoor concentration

Page 1 of 1 Human Health Tables3.xls [Shower-Study Area-95 UCLs]



TABLE 5-3.  INDUSTRIAL WORKER AIR MODEL ASSUMPTIONS

Project MSGRP FS Acct. No. Page 1 of 1
Subject Industrial Worker Air Model Comptd. By Date
Detail Assumptions and Results Ck'd By Date

J:\NE\WELLSG&H\FS\Comprehensive PRG backup\[Human Health Tables3.xls]Industrial Model Results (2)

Description
A potential future use of site groundwater is as process water in an industrial facility.  Conservative
assumptions on water use rates, process tank dimensions/characteristics, and building ventilation rate
must be made.  Following assumption generation, the water fate model, Toxchem+, is used to estimate
contaminant flux rates from the water to the building air.  These flux rates are converted to indoor air
concentrations using the assumptions noted above.

Assumptions
Groundwater Influent Rate: 100 gpm = 0.144 MGD
Tank Size: width: 10 ft

(Mixed Tank) length: 10 ft
depth: 10 ft

Building Ventilation Rate: 5000 cfm 203904 m3/d [divide g/d by vent. rate to get
indoor air concentration]

Results from Toxchem+ for 95% UCL influent concentrations

g/d ug/m3

Study Area Groundwater:

1,2-Dichloroethane 1.1 5.6
Benzene 1303 6392
Trichloroethene 5.2 25

Naphthalene 15 74
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TABLE 6.  HUMAN HEALTH PRELIMINARY REMEDIATION GOALS (PRGs)

PRGs Additional Information
ILCR Site-specific Range MADEP Regional

Medium Location/COC 10-6 10-5 10-4
HQ = 1 of Background Levels Mean 95%UCL Background MCLs

Sediment - mg/kg
(Recreational Scenario)

CB-03
Arsenic 4 40 400 230 3.8 - 40.6 21 33 - - - -

WH, NT-3, 13/TT-27
Arsenic 5.0 50 500 300 3.8 - 40.6 21 33 - - - -
Benzo(a)pyrene 0.4 4 40 N/A 0.13 - 5.5 1.3 4.9 - - - -

Sediment Cores - mg/kg
(Dredging Scenario)

SC02, SC05, SC06, SC08
Arsenic 30 300 3000 400 3.8 - 40.6 21 33 - - - -

Surface and Subsurface Soil - mg/kg
(Day Care Child Scenario)

Former Mishawum Lake Bed Area
Arsenic 1 10 100 50 - - - - - - 20 - -

Subsurface Soil - mg/kg
(Construction Worker Scenario)

Former Mishawum Lake Bed Area
Arsenic 40 400 4000 300 - - - - - - 20 - -

Shallow Groundwater - ug/L
(Construction Worker Scenario)

Site-wide
Arsenic 200 2000 20000 1200 - - - - - - 5.5 10

Groundwater - ug/L
(Process Water Scenario)

Site-wide
1,2-Dichloroethane 0.2 2 20 8 - - - - - - - - 5
Benzene 0.6 6 60 50 - - - - - - - - 5
Trichloroethene 0.04 0.4 4 70 - - - - - - - - 5
Naphthalene N/A N/A N/A 5 - - - - - - - - - -
Arsenic 4 40 400 600 - - - - - - 5.5 10

Groundwater - ug/L
(Car Wash Scenario)

Site-wide
1,2-Dichloroethane 0.2 2 20 7 - - - - - - - - 5
Benzene 0.4 4 40 30 - - - - - - - - 5
Trichloroethene 0.03 0.3 3 50 - - - - - - - - 5
Naphthalene N/A N/A N/A 6 - - - - - - - - - -

Notes
N/A - Not carcinogenic, or a carcinogen was not evaluated for potential non-carcinogenic effects

Page 1 of 1 Human Health Tables3.xls [PRGS]



APPENDIX B 
 

COSTING INFORMATION FOR REMEDIAL ALTERNATIVES 



TABLE SS-2
ALTERNATIVE SS-2 CAPITAL COSTS

MONITORING WITH INSTITUTIONAL CONTROLS - MISHAWUM LAKE SURFACE SOILS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

1.1 Mobilization/Demobilization 1 LS $1,000.00 $1,000 [1]
1.2 Sampling Equipment 1 LS $2,000.00 $2,000 [1]
1.3 Sampling Labor (2 workers, 2 weeks, 50 HR/WK) 200 HR $85.00 $17,000 [1]
1.4 Direct Push Borings - Geoprobe per day 10 DAY $1,200.00 $12,000 TDS, 2005
1.5 Soil Sample Collection 300 LF $2.00 $600 TDS, 2005
1.6 Field XRF Analysis - Rental Charge 2 WK $1,700.00 $3,400 Niton, 2005
1.7 Laboratory Analysis (20% for confirmation) 60 EA $50.00 $3,000 [1]
1.8 IDW Transportation/Disposal 4 DRUM $285.00 $1,140 [1]
1.9 Reporting 100 HR $100.00 $10,000 [1]

Subtotal $50,140

2.1 Legal Fees, Deed Restrictions, Property Surveys 5 EA $20,000 $100,000 [1]
Subtotal $100,000

$150,140

3.0  Other Costs
3.1 Project Management (8%) $12,011 OSWER 9355.0-75
3.2 Contingency (15%) $22,521 OSWER 9355.0-75

$34,532

$184,672
Notes:
[1] Best estimate based on previous experience.
Costs to install monitoring wells for the groundwater monitoring program are not included in the cost estimate for SS-2.  These costs would be
     incurred during implementation of either Alternative SUB-2 or SUB-3.

1.0  Pre-Design Investigation

2.0  Institutional Controls

TOTAL CAPITAL COSTS FOR ALTERNATIVE SS-2 

TOTAL DIRECT COSTS

TOTAL OTHER COSTS

DRAFT FINAL



TABLE SS-2-OM
ALTERNATIVE SS-2 OPERATIONS AND MAINTENANCE COSTS

MONITORING WITH INSTITUTIONAL CONTROLS - MISHAWUM LAKE SURFACE SOILS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

OM.1.1 Periodic Inspections (Quarterly) 40 HR $100 $4,000 [1]
OM.1.2 Inspection Reports (Quarterly) 4 EA $5,000 $20,000 [1]

Subtotal $24,000

$24,000

OM.2.0  Other Costs
OM.2.1 Project Management (10%) $2,400 OSWER 9355.0-75
OM.2.2 O&M Contingency (15%) $3,600 OSWER 9355.0-75

$6,000

ANNUAL O&M COSTS ALTERNATIVE SS-2 $30,000
Notes:
Present worth analysis includes periodic cost of $20,000 for preparation of five-year review.
Groundwater monitoring costs were not included in the O&M costs for SS-2 since they would be incurred during O&M for SUB-2 or SUB-3.
[1] Best estimate based on previous experience.

OM.1.0  Annual O&M Costs

TOTAL ANNUAL O&M COSTS

TOTAL OTHER O&M COSTS

DRAFT FINAL



TABLE SS-2-PW
ALTERNATIVE SS-2 PRESENT WORTH ANALYSIS

MONITORING WITH INSTITUTIONAL CONTROLS - MISHAWUM LAKE SURFACE SOILS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

Year Capital O&M Periodic Total Discount Factor Present Value
0 $184,672 0 $0 $184,672 7.0% 1.000 $184,672
1 $0 $30,000 $0 $30,000 7.0% 0.935 $28,037
2 $0 $30,000 $0 $30,000 7.0% 0.873 $26,203
3 $0 $30,000 $0 $30,000 7.0% 0.816 $24,489
4 $0 $30,000 $0 $30,000 7.0% 0.763 $22,887
5 $0 $30,000 $20,000 $50,000 7.0% 0.713 $35,649
6 $0 $30,000 $0 $30,000 7.0% 0.666 $19,990
7 $0 $30,000 $0 $30,000 7.0% 0.623 $18,682
8 $0 $30,000 $0 $30,000 7.0% 0.582 $17,460
9 $0 $30,000 $0 $30,000 7.0% 0.544 $16,318

10 $0 $30,000 $20,000 $50,000 7.0% 0.508 $25,417
11 $0 $30,000 $0 $30,000 7.0% 0.475 $14,253
12 $0 $30,000 $0 $30,000 7.0% 0.444 $13,320
13 $0 $30,000 $0 $30,000 7.0% 0.415 $12,449
14 $0 $30,000 $0 $30,000 7.0% 0.388 $11,635
15 $0 $30,000 $20,000 $50,000 7.0% 0.362 $18,122
16 $0 $30,000 $0 $30,000 7.0% 0.339 $10,162
17 $0 $30,000 $0 $30,000 7.0% 0.317 $9,497
18 $0 $30,000 $0 $30,000 7.0% 0.296 $8,876
19 $0 $30,000 $0 $30,000 7.0% 0.277 $8,295
20 $0 $30,000 $20,000 $50,000 7.0% 0.258 $12,921
21 $0 $30,000 $0 $30,000 7.0% 0.242 $7,245
22 $0 $30,000 $0 $30,000 7.0% 0.226 $6,771
23 $0 $30,000 $0 $30,000 7.0% 0.211 $6,328
24 $0 $30,000 $0 $30,000 7.0% 0.197 $5,914
25 $0 $30,000 $20,000 $50,000 7.0% 0.184 $9,212
26 $0 $30,000 $0 $30,000 7.0% 0.172 $5,166
27 $0 $30,000 $0 $30,000 7.0% 0.161 $4,828
28 $0 $30,000 $0 $30,000 7.0% 0.150 $4,512
29 $0 $30,000 $0 $30,000 7.0% 0.141 $4,217
30 $0 $30,000 $20,000 $50,000 7.0% 0.131 $6,568

TOTAL $184,672 $900,000 $120,000 $1,204,672 $600,100

DRAFT FINAL



TABLE SS-2-A
ALTERNATIVE SS-2 COST ASSUMPTIONS

MONITORING WITH INSTITUTIONAL CONTROLS - MISHAWUM LAKE SURFACE SOILS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

COST ESTIMATE BASIS

1.1 Mobilization/Demobilization Assumes mob/demob of drilling rig, sampling equipment/supplies, and all labor required to 
perform investigation.  Less than 50 mile mob/demob distance assumed.

1.2 Sampling Equipment Sampling equipment includes weekly rental or purchase of the following items: pickup truck/van, 
photoionization detector, sampling tools, sample containers, and decontamination 
equipment/supplies.  Shipping and handling of XRF unit included.

1.3 Sampling Labor Sampling labor estimate assumes two samplers working two weeks (10 days) at 50 hours/week.  
Total = 200 hours.

1.4 Direct Push Borings GeoProbe per day cost estimate based on vendor quote for similar project.
1.5 Soil Sample Collection Soil sample collection cost estamate based on vendor quote for similar project.
1.6 Field XRF Analysis - Rental Charge Weekly rental of Niton Xli 702 model x-ray fluorescence unit at $1,700 based on quote from Niton 

Corporation.
1.7 Laboratory Analysis Assume 20 percent of field samples would be preserved and shipped to a fixed lab for 

confirmatory analysis.
1.8 IDW Transportation/Disposal Assume 100 four-inch soil borings with 3-foot depth would create approximately 200 gallons of soil 

IDW, which would require off-site transportation/disposal of four 55-gallon drums.  $285/drum 
based on previous experience with similar projects.

1.9 Reporting Assume 100 hours for report preparation to document the findings of the PDI.

2.1 Legal Fees, Deed Restrictions, Property 
Surveys

Legal fees associated with drafting and implementing deed restrictions, costs to perform property 
surveys at $20,000 per property.

OM.1.1 Periodic Inspections (Quarterly) Assume 10 hours per quarter for inspections to verify the effectiveness of institutional controls at 
preventing exposure to surface soils in the former Mishawum Lake bed.

OM.1.2 Inspection Reports (Quarterly) Assume $5000 per quarter for the preparation of inspection reports to document quarterly 
inspection activities and findings. 

DESCRIPTION

General Assumptions
Alternative SS-2 involves the imposition of institutional controls on each of the properties that are located within the contaminated surface soil 
area that is depicted on Figure 2-3a of the FS.  For the purposes of estimating cost for the FS, it was assumed that five properties would be 
impacted by this alternative.  A pre-design investigation (PDI) would be performed to more accurately delineate the extent of surface soil 
containing arsenic in excess of the surface soil PRG (50 mg/kg).  Based on data that is collected during the PDI, additional properties may be 
subject to institutional controls in order to provide adequate protection to human health from risks associated with arsenic in soil.

OM.1.0  Annual O&M Costs

2.0  Institutional Controls

OPERATIONS AND MAINTENANCE COSTS (TABLE SS-2-OM)

For the purpose of estimating costs for the FS, the Pre-Design Investigation that would be performed under this alternative was assumed to consist of the 
advancement of approximately 100 direct-push technology (DPT) soil borings throughout the Mishawum Lake bed to determine the lateral extent of 
surface soil containing arsenic in excess of its PRG (50 mg/kg).  
Each soil boring was assumed to extend three feet below ground surface, for a total drilling quantity of 300 LF.  The rate of soil boring advancement 
(including soil sample collection, sample processing, sample analysis, and sample shipping) was assumed to be 10 soil borings per day, which translates 
to 10 days (2 weeks) to perform the investigation.  The cost estimates presented in this section are based on these general assumptions.

1.0  Pre-Design Investigation

CAPITAL COSTS (TABLE SS-2)

DRAFT FINAL



TABLE SS-3
ALTERNATIVE SS-3 CAPITAL COSTS

PERMEABLE COVER WITH INSTITUTIONAL CONTROLS -  MISHAWUM LAKE SURFACE SOILS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

1.1 Mobilization/Demobilization 1 LS $1,000.00 $1,000 [1]
1.2 Sampling Equipment 1 LS $2,000.00 $2,000 [1]
1.3 Sampling Labor (2 workers, 2 weeks, 50 HR/WK) 200 HR $85.00 $17,000 [1]
1.4 Direct Push Borings - Geoprobe per day 10 DAY $1,200.00 $12,000 TDS, 2005
1.5 Soil Sample Collection 300 LF $2.00 $600 TDS, 2005
1.6 Field XRF Analysis - Rental Charge 2 WK $1,700.00 $3,400 Niton, 2005
1.7 Laboratory Analysis (20% for confirmation) 60 EA $50.00 $3,000 [1]
1.8 IDW Transportation/Disposal 4 DRUM $285.00 $1,140 [1]
1.9 Reporting 100 HR $100.00 $10,000 [1]

Subtotal $50,140

2.1 Legal Fees, Deed Restrictions, Property Surveys 5 EA $20,000 $100,000 [1]
Subtotal $100,000

3.1 Equipment/Labor Mobilization/Demobilization 1 LS $20,000 $20,000 [1]
3.2 Field Support Facilities 1 LS $3,200 $3,200 [1]
3.3 Monthly Costs associated with Field Support 3 MONTH $2,750 $8,250 [1]

Subtotal $31,450
4.0  Site Preparation

4.1 Site Survey 1 LS $5,000 $5,000 [1]
4.2 Construct Equipment Decontamination Pad 1 LS $7,500 $7,500 Means 2004 HC
4.3 Construct Soil Stockpiling Area 1 LS $2,500 $2,500 Means 2004 HC
4.4 Install Erosion and Sedimentation Controls 2,000 LF $3.73 $7,460 Means 2004 HC, 02370 700 1250

Subtotal $22,460

5.1 Excavate and Load Soil into Trucks 5,500 CY $2.29 $12,595 Means 2004 ER, 17 03 0277
5.2 Haul Soil to Stockpile Area (20% bulking factor) 6,600 CY $3.39 $22,374 Means 2004 HC, 02315 490 0320
5.3 Dust Suppression (hourly passes over excavation area) 785 MSF $1.31 $1,028 Means 2004 ER, 33 08 0585
5.4 Perimeter Air Samples (4 per work day) 40 EA $25.00 $1,000 Aero-Tech, 2005
5.5 Equipment Decontamination (for duration of excavation) 785 HR $39.56 $31,041 Means 2004 ER, 33 17 0823

Subtotal $68,038
6.0  Transportation and Off-Site Disposal of Soil

6.1 Load Waste into Trucks 6,600 CY $2.29 $15,114 Means 2004 ER, 17 03 0277
6.2 Equipment Decontamination 88 HR $39.56 $3,481 Means 2004 ER, 33 17 0823
6.3 Transportation of Contaminated Soil 9,900 TON $89.00 $881,100 Boston Environmental, 2005
6.4 Off-Site Disposal of Soil 9,900 TON $239.00 $2,366,100 Boston Environmental, 2005

Subtotal $3,265,795

7.1 Place Geotextile 100,000 SF $0.25 $25,222 Means 2004 HC, 02340 300 1500
7.2 Gravel Backfill, Delivered, Spread, and Compacted 4,400 CY $10.95 $48,180 Means 2004 ER, 17 03 0430
7.3 Topsoil, Furnished and Placed 2,200 CY $26.95 $59,290 Means 2004 ER, 18 05 0301
7.4 Seeding 100,000 SF $0.09 $9,000 Means 2004 ER, 18 05 0402
7.5 Minor Repairs to Existing Asphalt 10,000 SF $1.17 $11,700 Means 2004 HC, 02740 315 1100

Subtotal $153,392

8.1 Decon Pad Demo and Disposal 1 LS $2,000.00 $2,000 [1]
8.2 Demob Support Facilities 1 LS $2,500.00 $2,500 [1]
8.3 Restore Laydown and Stockpile Areas 1 LS $5,000.00 $5,000 [1]

Subtotal $9,500

$3,700,776

1.0  Pre-Design Investigation

5.0  Excavate and Stockpile Surficial Soils

7.0  Construction of Permeable Cover

3.0  Mobilization/Demobilization

TOTAL DIRECT COSTS

8.0  Site Restoration

2.0  Institutional Controls

DRAFT FINAL



TABLE SS-3
ALTERNATIVE SS-3 CAPITAL COSTS

PERMEABLE COVER WITH INSTITUTIONAL CONTROLS -  MISHAWUM LAKE SURFACE SOILS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

9.0  Other Costs
9.1 Project Management (5%) $185,039 OSWER 9355.0-75
9.2 Engineering and Design (8%) $296,062 OSWER 9355.0-75
9.3 Construction Management (6%) $222,047 OSWER 9355.0-75
9.4 Location Adustment (10%) $370,078 Means 2004 ER
9.5 Contingency (15%) $555,116 OSWER 9355.0-75

$1,628,341

TOTAL CAPITAL COSTS FOR ALTERNATIVE SS-3 $5,329,117
Notes:
Means 2004 ER: R.S. Means Environmental Cost Data, 10th Annual Edition, 2004.
Means 2004 HC: R.S. Means Heavy Construction Cost Data, 18th Annual Edition, 2004.
[1] Best estimate based on previous experience.

TOTAL OTHER COSTS

DRAFT FINAL



TABLE SS-3-OM
ALTERNATIVE SS-3 OPERATIONS AND MAINTENANCE COSTS

PERMEABLE COVER WITH INSTITUTIONAL CONTROLS -  MISHAWUM LAKE SURFACE SOILS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

OM.1.1 Labor - Periodic Inspections (Quarterly) 40 HR $100.00 $4,000 [1]
OM.1.2 Cap Maintenance (Assume 10% cap area per year)

1.2.1 Topsoil, Furnished and Placed 220 CY $26.95 $5,929 Means 2004 ER, 18 05 0301
1.2.2 Seeding 10,000 SF $0.09 $900 Means 2004 ER, 18 05 0402
1.2.3 Maintenance Labor 32 HR $85.00 $2,720 [1]

OM.1.3 Asphalt Maintenance 4,300 SF $1.17 $5,031 Means 2004 HC, 02740 315 1100
OM.1.4 Reporting (Quarterly) 4 LS $5,000.00 $20,000 [1]

Subtotal $38,580

$38,580

OM.2.0  Other Costs
OM.2.1 Project Management (10%) $3,858 OSWER 9355.0-75
OM.2.2 O&M Contingency (15%) $5,787 OSWER 9355.0-75

$9,645

$48,225
Notes:
[1] Best estimate based on previous experience.
Present worth analysis includes periodic cost of $30,000 for preparation of five-year review.

OM.1.0  Annual O&M Costs

TOTAL ANNUAL O&M COSTS

TOTAL OTHER O&M COSTS

ANNUAL O&M COSTS ALTERNATIVE SS-3
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TABLE SS-3-PW
ALTERNATIVE SS-3 PRESENT WORTH ANALYSIS

PERMEABLE COVER WITH INSTITUTIONAL CONTROLS -  MISHAWUM LAKE SURFACE SOILS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

Year Capital O&M Periodic Total Discount Factor Present Value
0 $5,329,117 0 $0 $5,329,117 7.0% 1.000 $5,329,117
1 $0 $48,225 $0 $48,225 7.0% 0.935 $45,070
2 $0 $48,225 $0 $48,225 7.0% 0.873 $42,122
3 $0 $48,225 $0 $48,225 7.0% 0.816 $39,366
4 $0 $48,225 $0 $48,225 7.0% 0.763 $36,791
5 $0 $48,225 $30,000 $78,225 7.0% 0.713 $55,773
6 $0 $48,225 $0 $48,225 7.0% 0.666 $32,134
7 $0 $48,225 $0 $48,225 7.0% 0.623 $30,032
8 $0 $48,225 $0 $48,225 7.0% 0.582 $28,067
9 $0 $48,225 $0 $48,225 7.0% 0.544 $26,231
10 $0 $48,225 $30,000 $78,225 7.0% 0.508 $39,766
11 $0 $48,225 $0 $48,225 7.0% 0.475 $22,911
12 $0 $48,225 $0 $48,225 7.0% 0.444 $21,412
13 $0 $48,225 $0 $48,225 7.0% 0.415 $20,012
14 $0 $48,225 $0 $48,225 7.0% 0.388 $18,702
15 $0 $48,225 $30,000 $78,225 7.0% 0.362 $28,352
16 $0 $48,225 $0 $48,225 7.0% 0.339 $16,335
17 $0 $48,225 $0 $48,225 7.0% 0.317 $15,267
18 $0 $48,225 $0 $48,225 7.0% 0.296 $14,268
19 $0 $48,225 $0 $48,225 7.0% 0.277 $13,335
20 $0 $48,225 $30,000 $78,225 7.0% 0.258 $20,215
21 $0 $48,225 $0 $48,225 7.0% 0.242 $11,647
22 $0 $48,225 $0 $48,225 7.0% 0.226 $10,885
23 $0 $48,225 $0 $48,225 7.0% 0.211 $10,173
24 $0 $48,225 $0 $48,225 7.0% 0.197 $9,507
25 $0 $48,225 $30,000 $78,225 7.0% 0.184 $14,413
26 $0 $48,225 $0 $48,225 7.0% 0.172 $8,304
27 $0 $48,225 $0 $48,225 7.0% 0.161 $7,761
28 $0 $48,225 $0 $48,225 7.0% 0.150 $7,253
29 $0 $48,225 $0 $48,225 7.0% 0.141 $6,779
30 $0 $48,225 $30,000 $78,225 7.0% 0.131 $10,276

TOTAL $5,329,117 $1,446,750 $180,000 $6,955,867 $5,992,278
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TABLE SS-3-A
ALTERNATIVE SS-3 COST ASSUMPTIONS

PERMEABLE COVER WITH INSTITUTIONAL CONTROLS -  MISHAWUM LAKE SURFACE SOILS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

COST ESTIMATE BASIS

2.1
Legal Fees, Deed Restrictions, Property Surveys

Legal fees associated with drafting and implementing deed restrictions, costs to perform property 
surveys at $20,000 per property.

3.1 Equipment/Labor Mobilization/Demobilization Assume less than 50 mile haul distance for all equipment.
Equipment would be mobilized and demobilized to and from the site once for this project.

3.2 Field Support Facilities Field support facilities will be mobilized and demobilized to and from the central field support area 
once during the course of the project.

 The following items are included in this cost line item: office trailer @ $500, storage trailer @ $500, 
dumpster @ $100, sanitary facilities @ $100, soil sampling equipment @ $2000.

3.3 Monthly Costs associated with Field Support Includes monthly rental costs for duration of project for the following: office trailer @ $400, storage 
trailer @ $200, utilities @ $200, dumpster @ $200, sampling materials @ $1000, air sampling 
equipment (PID) @ 750.

Duration of project = Mobilization (1 week) + Site Prep (1 week) + Excavate and Stockpile (3 week) + 
Transportation and Disposal (2 week) + Cover Construction (5 week) + Site Restoration (1 week).  13 
weeks ≈ 3 months.

4.0  Site Preparation
4.1 Site survey Assume $5,000 for site survey to identify sampling locations/construction areas. 
4.2 Construct Decontamination Pad Assumes construction of heavy equipment decontamination pad at location within construction area.

Equipment decontamination pad assumed assumed 20’ x 40’ in size with 6” gravel base, 40 mil high 
density polyethylene liner, and 4” crushed stone, graded to divert decontamination fluids into a water 
collection sump.

  Gravel base, delivered and dumped 15 CY @ $24.51/CY = $368 [Means 2004 ER, 18 01 0102]
  40 mil polyethylene liner 800 SF @ $1.39/SF = $1,112 [Means 2004 ER, 33 08 0563]

  Stone drainage layer 270 CY @ 22.94/CY = $6,195 [Means 2004 ER, 17 03 0419]
4.3 Construct Soil Stockpiling Area Assume one soil stockpiling area to be constructed within construction zone to provide temporary 

storage for excavated soil that is removed from the Mishawum Lake bed to prepare the site for 
permeable cover (1.5 foot deep excavation).  Waste characterization soil samples will be collected 
from stockpiled soil to determine the appropriate off-site disposal requirements.

Stockpiling area would be located on an existing paved area within the former Mishawum Lake bed.  
Soil would be stockpiled directly onto the asphalt surface.  The stockpile would be covered with 6 mil 
poly tarps daily to prevent excessive erosion due to stormwater runoff. 
Silt fence and hay bales would be installed at the perimeter of each stockpile to prevent sedimentation 
that might enable contaminant transport from the stockpiles (see section 2.6).
After completion of the remedial action, the asphalt underlying the stockpile area would be removed, 
recycled, and replaced with a new layer of pavement (see Site Restoration).
100 x 100 foot area assumed for stockpile.

  Hay bails, staked 500 LF @ $2.72/CY = $1,360 [Means 2004 HC, 02370 700 1250]
  Silt fence 500 LF @ $1.01/LF = $505 [Means 2004 HC, 02370 700 1100]

  6 mil polyethylene cover tarps (60 x 60) 4 @ $150 EA = $600
4.4 Install Erosion and Sedimentation Controls Erosion and sedimentation controls would be installed at the perimeter of all work areas where erosion

and sedimentation may impact sensitive environmental areas such as wetlands, surface water bodies, 
etc.

  Hay bails, staked 2000 LF @ $2.72/LF = $5,440 [Means 2004 HC, 02370 700 1250
  Silt fence 2000 LF @ $1.01/LF = $2,020 [Means 2004 HC, 02370 700 1100

3.0  Mobilization/Demobilization

Construction of the permeable cover would involve the excavation of approximately 18 inches of contaminated soil from the vegetated areas of arsenic-
contaminated surface soil identified on Table 2-3a of the FS (approximately 100,000 square feet).  This soil would be stockpiled on site, characterized, and 
transported for disposal at an EPA-approved off-site facility.  The permeable cover would consist of a geotextile overlain by 12 inches of clean gravel and 6
inches of topsoil that would be planted with grass.

Alternative SS-3 would also involve the imposition of institutional controls on each of the properties that are located within the contaminated surface soil 
area that is depicted on Figure 2-3a of the FS.  For the purposes of estimating cost for the FS, it was assumed that five properties would be impacted by 
this alternative.  A pre-design investigation (PDI) would be performed to more accurately delineate the extent of surface soil containing arsenic in excess o
the surface soil PRG (50 mg/kg).  Based on data that is collected during the PDI, additional properties may be subject to institutional controls in order to 
provide adequate protection to human health from risks associated with arsenic in soil.

DESCRIPTION

CAPITAL COSTS (TABLE SS-3)
General Assumptions

Alternative SS-3 is a containment alternative that involves the construction of a permeable cover over contaminated surface soil areas that are currently 
vegetated at the surface and therefore potentially accessible to human receptors.  The existing asphalt surfaces that currently occupy much of the former 
Mishawum Lake bed would be left in place (or improved, if necessary) so that underlying contaminated soil remains contained beneath the asphalt surface.

2.0  Institutional Controls

1.0  Pre-Design Investigation

One work week (5 days) assumed for mobilization of labor and equipment for this alternative.

The pre-design investigation that would be performed under this alternative would be the same as was described for Alternative SS-2. 
The assumptions and basis of cost estimates for the PDI are described on Table SS-2-A.
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TABLE SS-3-A
ALTERNATIVE SS-3 COST ASSUMPTIONS

PERMEABLE COVER WITH INSTITUTIONAL CONTROLS -  MISHAWUM LAKE SURFACE SOILS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

COST ESTIMATE BASISDESCRIPTION

5.1 Excavate and Load Soil into Trucks Excavate and Load, 2 CY Hydraulic Excavator, Medium Material, 75 CY/HR.   
Crew CODET: 1 laborer, 1 hydraulic excavator, 2.00 CY bucket, 1 equipment operator.  Daily rate = 
$1,400.
5,500 CY * 1 HR/75 CY ≈ 73 HR

5.2 Haul Waste to Stockpile Area 12 CY dump trucks, 0.5-mile round trip, 3.2 loads/hour, 250 CY/ truck/day assumed.  Assume two 
trucks transporting soil (6.4 loads/hour) to provide capacity for 75 CY/HR excavation rate.  
Crew B-34B (2): 1 truck driver, 1 dump truck (16 ton).  $850 daily rate.
Assume bulking factor from removal of soil at 1.2.  Therefore 5,500 CY soil in-situ roughly equivalent 
to 6,600 CY of excavated soil that will be hauled to stockpiling/staging areas.

5.3 Dust Suppression Dust suppression assumed to occur during excavation of soil to prevent airborne migration of 
contaminants via fugitive dusts and particulates.  
Crew COFWI: 1 water truck w/ 3,000 gallon water tank, 1 truck driver, 1 equipment operator, 1 
submersible pump (6" diameter, 1950 GPM).  Daily rate = $900.
75 CY/HR * 8 HR/DAY = 600 CY/DAY assumed excavation volume.  600 CY ≈ 16,000 CF.  Assume 
depth of excavation 1.5 feet, therefore daily excavation area ≈ 16,000 CF / 1.5 LF ≈ 10,700 SF.  
Assume hourly passes (8 per day) for 85,600 SF/DAY or 85.6 MSF/DAY.

5.4 Perimeter Air Samples Monitoring of site perimeter for particulates to verify effectiveness of engineering controls to prevent 
the spread of airborne contamination.
Assume 4 samples per day (one at north, south, east, and west borders of work area) analyzed for 
arsenic (metals) at $25/sample.

5.5 Equipment Decontamination Assume decontamination of heavy vehicles as they leave excavation area to transport excavated soil.
Operate 1,800 PSI pressure washer at $39.56/HR.  Includes water, soap, electricity, and labor.  
Assume operation during entire duration of excavation activities.

6.1 Load Waste into Trucks Excavate and Load, 2 CY Hydraulic Excavator, Medium Material, 75 CY/Hour.  Load waste from 
stockpiles into 20 CY dump trailers for transportation to disposal facility.  
Crew CODET: 1 laborer (semi-skilled), 1 hydraulic excavator, crawler, 2.00 CY Bucket, 1 equipment 
operator.  Daily rate = $1,400.
6,600 CY * 1 HR/75 CY ≈ 88 HR.

6.2 Equipment Decontamination Assume decontamination of heavy vehicles as they leave excavation area to transport excavated soil.
Operate 1,800 PSI pressure washer at $39.56/HR.  Includes water, soap, electricity, and labor.  
Assume operation during entire duration of excavation activities.

6.3 Transportation of Contaminated Soil Assume transportation of excavated Raymark waste using 20 CY dump trailers.  Unit cost for 
transportation based on quote from disposal subcontractor.
1.5 tons per 1.0 cubic yards assumed for transportation and disposal estimates.

6.4 Off-Site Disposal of Soil Assume disposal of waste at hazardous waste facility.  Disposal cost includes full TCLP analysis (one 
per 500 tons of waste).

7.1 Place Geotextile Place woven geotextile fabric, 2500 SY/DAY.
7.2 Gravel Backfill, Delivered, Dumped, Spread, and 

Compacted
Gravel placed in 6" lifts, includes spreading and compaction.  Also includes the following: soil density 
test nuclear method ASTM D2922-71, compaction water price $0.005/Gallon.  
Spread Fill with dozer: 1 equipment operator, 1 labor foreman.  Daily rate = $1250
Compaction: 1 compactor, 3 semi-skilled laborers.  Daily rate = $700.
Compaction Water: 1 water truck, 1 truck driver, 1 submersible pump, 1 equipment operator.  Daily 
rate = $800.
Soil Density Tests: 2 skilled workers.  Daily rate = $900
4,400 CY * 1 HR/100 CY ≈ 44 HR.

7.3 Topsoil, Furnished and Placed Topsoil furnished and placed, 6" thick.  11.5 CY/HR
Crew CODLA: 1 equipment operator, 1 semi-skilled laborer.  Daily rate = $650
2,200 CY * 1 HR/11.5 CY ≈ 190 HR.

7.4 Seeding Vegetative cover using mechanical seeder, power mulcher, and watering truck. 
Power mulcher: 1 highway truck, 1 power mulcher, 1 laborer, 1 truck driver.  Daily rate = $700.
Mechanical seeding: 1.25 semi-skilled laborers.  Daily rate = $250.
Watering: 1 water truck, 1 truck driver, 2 laborers.  Daily rate = $900.

5.0  Excavate and Stockpile Surficial Soils

7.0  Construction of Permeable Cover

Under this alternative, 1.5 feet of soil would be excavated from each of the contaminated soil areas and replaced with a geotextile and 1.5 feet of clean soil.  This 
section presents estimated costs for the excavation of surficial soil, transportation of soil to the soil stockpiling area, and management of the stockpile.  Other 
excavation support items and engineering controls (such as dust control, air sampling, and equipment decontamination) are also included.

6.0  Transportation and Off-Site Disposal of Soil

The permeable cover would consist of a geotextile fabric overlain by 12 inches of gravel and 6 inches of topsoil.  The topsoil would be seeded.

Excavation and loading of soil from each of the contaminated soil areas (Figure 2-3a) would be accomplished using a hydraulic excavator.  Excavated Raymark 
waste would be loaded directly into 10 CY dump trucks and transported to the soil stockpiling area (described above under Site Preparation).
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TABLE SS-3-A
ALTERNATIVE SS-3 COST ASSUMPTIONS

PERMEABLE COVER WITH INSTITUTIONAL CONTROLS -  MISHAWUM LAKE SURFACE SOILS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

COST ESTIMATE BASISDESCRIPTION

7.4 Minor Repairs to Existing Asphalt Assume 10,000 SF required.  Hot mix, fill holes, 4" thick.
Crew B-16: 1 dump truck, 1 truck driver, 2 laborers, 1 labor foreman.  Daily rate = $1,850.  

8.0  Site Restoration

8.1 Decon Pad Demo and Disposal Demolish and dispose of decontamination pad materials.  $2000 estimate based on experience with 
similar projects.

8.2 Demob Support Facilities $2500 estimate based on experience with similar projects.
8.3 Restore Laydown and Stockpile Areas Demolish and dispose of materials.  Cost estimate based on previous experience.

OM.1.1 Periodic Inspections (Quarterly) Assume 10 hours per quarter for inspections to verify the integrity of the cover and the effectiveness 
of institutional controls at preventing exposure to surface soils.

OM.1.2 Cap Maintenance Assumes 10% of cover would need maintenance per year
Topsoil, Furnished and Placed 2,200 CY * 0.1 = 220 CY.
Seeding 100,000 SF * 0.1 = 10,000 SF.

OM.1.3 Asphalt Maintenance Assume repairs of existing asphalt at approximately 1% of asphalt area
OM.1.4 Reporting (Quarterly) Assume $5000 per quarter for the preparation of inspection reports to document quarterly inspection

activities and findings. 

Site restoration activities would include demolition and disposal of materials from the decontamination pad, demobilization of support facilities, and restoration of 
stockpiling and equipment laydown areas.

OM.1.0  Annual O&M Costs
OPERATIONS AND MAINTENANCE COSTS (TABLE SS-3-OM)
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 TABLE SS-4
ALTERNATIVE SS-4 CAPITAL COSTS

EXCAVATION AND OFF-SITE DISPOSAL - MISHAWUM LAKE SURFACE SOILS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

1.1 Mobilization/Demobilization 1 LS $1,000.00 $1,000 [1]
1.2 Sampling Equipment 1 LS $2,000.00 $2,000 [1]
1.3 Sampling Labor (2 workers, 2 weeks, 50 HR/WK) 200 HR $85.00 $17,000 [1]
1.4 Direct Push Borings - Geoprobe per day 10 DAY $1,200.00 $12,000 TDS, 2005
1.5 Soil Sample Collection 300 LF $2.00 $600 TDS, 2005
1.6 Field XRF Analysis - Rental Charge 2 WK $1,700.00 $3,400 Niton, 2005
1.7 Laboratory Analysis (20% for confirmation) 60 EA $50.00 $3,000 [1]
1.8 IDW Transportation/Disposal 4 DRUM $285.00 $1,140 [1]
1.9 Reporting 100 HR $100.00 $10,000 [1]

Subtotal $50,140

2.1 Equipment/Labor Mobilization/Demobilization 1 LS $20,000 $20,000 [1]
2.2 Field Support Facilities 1 LS $3,200 $3,200 [1]
2.3 Monthly Costs associated with Field Support 11 MONTH $2,750 $30,250 [1]

Subtotal $53,450
3.0  Site Preparation

3.1 Clear and Grub 2 ACRE $3,150 $6,300 Means 2004 HC, 02230 100 0020
3.2 Site Survey 1 LS $5,000 $5,000 [1]
3.3 Construct Equipment Decontamination Pad 1 LS $7,500 $7,500 Means 2004 HC
3.4 Construct Soil Stockpiling Area 1 LS $2,500 $2,500 Means 2004 HC
3.5 Install Erosion and Sedimentation Controls 3,000 LF $3.73 $11,190 Means 2004 HC, 02370 700 1250

Subtotal $32,490

4.1 Excavate and Load Soil into Trucks 53,000 CY $2.29 $121,370 Means 2004 ER, 17 03 0277
4.2 Haul Soil to Stockpile Area 63,600 CY $5.50 $349,800 Means 2004 HC, 02315 490 1245
4.3 Dust Suppression (hourly passes over excavation area) 3,772 MSF $1.31 $4,941 Means 2004 ER, 33 08 0585
4.4 Perimeter Air Samples (4 per work day) 353 EA $25.00 $8,833 Aero-Tech, 2005
4.5 Cleanup Confirmation Samples (1 per 500 CY) 106 EA $100.00 $10,600 [1]
4.6 Equipment Decontamination (for duration of excavation) 707 HR $39.56 $27,956 Means 2004 ER, 33 17 0823
4.7 Stockpile Management 63,600 CY $1.32 $83,952 Means 2004 HC, 02230 500 0100

Subtotal $607,452
5.0  Transportation and Off-Site Disposal of Soil

5.1 Load Soil into Trucks 63,600 CY $2.29 $145,644 Means 2004 ER, 17 03 0277
5.2 Equipment Decontamination 848 HR $39.56 $33,547 Means 2004 ER, 33 17 0823
5.3 Transportation of Contaminated Soil 95,400 TON $89.00 $8,490,600 Boston Environmental, 2005
5.4 Off-Site Disposal of Soil 95,400 TON $239.00 $22,800,600 Boston Environmental, 2005

Subtotal $31,470,391

6.1 Gravel Backfill; Dumped, Spread, and Compacted 51,564 CY $10.95 $564,625 Means 2004 ER, 17 03 0430
6.2 Topsoil, Furnished and Placed (4") 925 CY $26.95 $24,929 Means 2004 ER, 18 05 0301
6.3 Seeding 75,000 SF $0.09 $6,750 Means 2004 ER, 18 05 0402
6.4 Repave with Asphalt 400,000 SF $1.00 $400,000 Means 2004 HC, 02740 315 0600
6.5 Decon Pad Demo and Disposal 1 LS $2,000.00 $2,000 [1]
6.6 Demob Support Facilities 1 LS $2,500.00 $2,500 [1]
6.7 Restore Laydown and Stockpile Areas 1 LS $5,000.00 $5,000 [1]

Subtotal $1,005,803

$33,219,726

7.0  Other Costs
7.1 Project Management (5%) $1,660,986 OSWER 9355.0-75
7.2 Engineering and Design (6%) $1,993,184 OSWER 9355.0-75
7.3 Construction Management (6%) $1,993,184 OSWER 9355.0-75
7.4 Location Adustment (10%) $3,321,973 Means 2004 ER
7.5 Contingency (15%) $4,982,959 OSWER 9355.0-75

$13,952,285

TOTAL CAPITAL COSTS FOR ALTERNATIVE SS-4 $47,172,011
Notes:
Means 2004 ER: R.S. Means Environmental Cost Data, 10th Annual Edition, 2004.
Means 2004 HC: R.S. Means Heavy Construction Cost Data, 18th Annual Edition, 2004.
[1] Best estimate based on previous experience.

1.0  Pre-Design Investigation

TOTAL OTHER COSTS

4.0  Excavate and Stockpile Surface Soils

6.0  Backfill and Site Restoration

2.0  Mobilization/Demobilization

TOTAL DIRECT COSTS
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 TABLE SS-4-A
ALTERNATIVE SS-4 COST ASSUMPTIONS

EXCAVATION AND OFF-SITE DISPOSAL - MISHAWUM LAKE SURFACE SOILS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

COST ESTIMATE BASIS

2.1 Equipment/Labor Mobilization/Demobilization Assume less than 50 mile haul distance for all equipment.
Equipment would be mobilized and demobilized to and from the site once for this project.

2.2 Field Support Facilities Field support facilities will be mobilized and demobilized to and from the central field support area 
once during the course of the project.

 The following items are included in this cost line item: office trailer @ $500, storage trailer @ $500, 
dumpster @ $100, sanitary facilities @ $100, soil sampling equipment @ $2000.

2.3 Monthly Costs associated with Field Support Includes monthly rental costs for duration of project for the following: office trailer @ $400, storage 
trailer @ $200, utilities @ $200, dumpster @ $200, sampling materials @ $1000, air sampling 
equipment (PID) @ 750.
Duration of project = Mobilization (1 week) + Site Prep (1 week) + Excavate and Stockpile (20 week) 
+ Transportation and Disposal (4 week - overlap with excavation) + Backfill and Site Restoration (20 
week - some overlap with excavation).  46 weeks ≈ 11 months.

3.0  Site Preparation

4.1 Excavate and Load Waste Excavate and Load, 2 CY Hydraulic Excavator, Medium Material, 75 CY/HR.   
Crew CODET: 1 laborer, 1 hydraulic excavator, 2.00 CY bucket, 1 equipment operator.  Daily rate = 
$1,400.
475,000 SF * 3 LF / 27 CF/CY ≈ 53,000 CY.  
53,000 CY / 75 CY/HR ≈ 700 HR.

4.2 Haul Waste to Stockpile Area 12 CY dump trucks, 0.5-mile round trip, 3.2 loads/hour, 250 CY/ truck/day assumed.  Assume two 
trucks transporting soil (6.4 loads/hour) to provide capacity for 75 CY/HR excavation rate.  
Crew B-34B (2): 1 truck driver, 1 dump truck (16 ton).  $850 daily rate.
Assume bulking factor from removal of soil at 1.2.  Therefore 53,000 CY soil in-situ roughly 
equivalent to 63,600 CY of excavated soil that will be hauled to stockpiling/staging areas.

4.3 Dust Suppression Dust suppression assumed to occur during excavation of soil to prevent airborne migration of 
contaminants via fugitive dusts and particulates.  
Crew COFWI: 1 water truck w/ 3,000 gallon water tank, 1 truck driver, 1 equipment operator, 1 
submersible pump (6" diameter, 1950 GPM).  Daily rate = $900.
75 CY/HR * 8 HR/DAY = 600 CY/DAY assumed excavation volume.  600 CY ≈ 16,000 CF.  Assume 
depth of excavation 3 feet, therefore daily excavation area ≈ 16,000 CF / 3 ≈ 5,300 SF.  Assume 
hourly passes (8 per day) for 42,700 SF/DAY or 42.7 MSF/day.

4.4 Perimeter Air Samples Monitoring of site perimeter for particulates to verify effectiveness of engineering controls to prevent 
the spread of airborne contamination.
Assume 4 samples per day (one at north, south, east, and west borders of work area) analyzed for 
arsenic (metals) at $25/sample.

4.5 Cleanup Confirmation Samples Cleanup confirmation samples collected from sidewalls of excavation and analyzed for arsenic at 
$100/SAMPLE.  For purposes of cost estimate, 1 sample per 500 CY excavated assumed.

DESCRIPTION

CAPITAL COSTS (TABLE SS-4)
General Assumptions

Alternative SS-4 features the excavation of all surface soil (0 to 3 feet below ground surface) that contains concentrations of arsenic that exceed the 
PRG (50 mg/kg).  Excavated soil would be stockpiled on site, characterized, and transported and disposed at an of-site EPA-approved disposal facility.  
Excavated areas would be backfilled with clean soil and surfaces would be restored to their current condition (either vegetated or paved).

Since under this alternative there would be no contaminants remaining at the site above levels that allow for unlimited use and unrestricted exposure, 
there would be no operations and maintenance costs associated with the alternative and five-year reviews would not be conducted.
Alternative SS-4 would also include a pre-design investigation (PDI) to more accurately delineate the extent of surface soil containing arsenic in excess 
of the surface soil PRG.  Based on the existing data, the proposed excavation area for surface soil removal is approximately 475,000 SF.  Building 
footprints were not included in the estimated contaminated soil area, and no excavation of soil beneath existing buildings was assumed for the 
development of this cost estimate.  The wetland area located between SO-09 and the Halls Brook Holding Area was not included in the surface soil 
excavation area.

One work week (5 days) assumed for mobilization of labor and equipment for this alternative.

4.0  Excavate and Stockpile Surface Soils

The assumptions and basis of cost estimates for the PDI are described on Table SS-2-A.
The pre-design investigation that would be performed under this alternative would be the same as was described for Alternative SS-2. 

1.0  Pre-Design Investigation

2.0  Mobilization/Demobilization

Under this alternative, 3 feet of soil would be excavated from the contaminated soil area (Figure 2-3a) and replaced with clean soil.  The ground surface would 
be restored to match the existing ground cover (vegetated or asphalt).  This section presents estimated costs for the excavation of surface soil, transportation of 
soil to the soil stockpiling area, and management of the stockpile.  Other excavation support items and engineering controls (such as dust control, air sampling, 
and equipment decontamination) are also included.
Excavation and loading of soil from each of the contaminated soil areas (Figure 2-3a) would be accomplished using a hydraulic excavator.  Excavated Raymark 
waste would be loaded directly into 10 CY dump trucks and transported to the soil stockpiling area (described above under Site Preparation).

Site preparation for this alternative would be similar to the description presented for Alternative SS-3 (Table SS-3-OM).  The only difference being that, due to 
the larger excavation area, the quantity of erosion and sedimentation controls would be greater.
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 TABLE SS-4-A
ALTERNATIVE SS-4 COST ASSUMPTIONS

EXCAVATION AND OFF-SITE DISPOSAL - MISHAWUM LAKE SURFACE SOILS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

COST ESTIMATE BASISDESCRIPTION

4.6 Equipment Decontamination Assume decontamination of heavy vehicles as they leave excavation area to transport excavated 
soil.  Operate 1,800 PSI pressure washer at $39.56/HR.  Includes water, soap, electricity, and labor. 
Assume operation during entire duration of excavation activities.

4.7 Stockpile Management Stockpile management assumed to include stripping & stockpiling of soil at each of the stockpiling 
areas.  Assume 200 HP dozer adverse conditions, 1150 CY/day.   
Crew B-10B: 1 equipment operator, 0.5 laborer, 1 dozer.  Daily rate = $1,500. 
Stockpile management shall continue for duration of the project, therefore management of 
approximately 63,600 CY is assumed. 

5.1 Load Soil into Trucks Excavate and Load, 2 CY Hydraulic Excavator, Medium Material, 75 CY/Hour.  Load waste from 
stockpiles into 20 CY dump trailers for transportation to disposal facility.  
Crew CODET: 1 laborer (semi-skilled), 1 hydraulic excavator, crawler, 2.00 CY Bucket, 1 equipment 
operator.  Daily rate = $1,400.
63,600 CY * 1 HR/75 CY ≈ 850 HR.

5.2 Equipment Decontamination Assume decontamination of heavy vehicles as they leave excavation area to transport excavated 
soil.  Operate 1,800 PSI pressure washer at $39.56/HR.  Includes water, soap, electricity, and labor. 
Assume operation during entire duration of excavation activities.

5.3 Transportation of Contaminated Soil Assume transportation of excavated Raymark waste using 20 CY dump trailers.  Unit cost for 
transportation based on quote from disposal subcontractor.
1.5 tons per 1.0 cubic yards assumed for transportation and disposal estimates.

5.4 Off-Site Disposal of Soil Assume disposal of waste at hazardous waste facility.  Disposal cost includes full TCLP analysis 
(one per 500 tons of waste).

6.0  Backfill and Site Restoration

6.1 Gravel Backfill; Dumped, Spread, and Compacted Gravel placed in 6" lifts, includes spreading and compaction.  Also includes the following: soil 
density test nuclear method ASTM D2922-71, compaction water price $0.005/Gallon.  
Spread Fill with dozer: 1 equipment operator, 1 labor foreman.  Daily rate = $1250.
Compaction: 1 compactor, 3 semi-skilled laborers.  Daily rate = $700.
Compaction Water: 1 water truck, 1 truck driver, 1 submersible pump, 1 equipment operator.  Daily 
rate = $800.
Soil Density Tests: 2 skilled workers.  Daily rate = $900.
51,564 CY * 1 HR/100 CY ≈ 515 HR.

6.2 Topsoil, Furnished and Placed (4") Topsoil furnished and placed, 4" thick.  18 CY/HR.
Crew CODLA: 1 equipment operator, 1 semi-skilled laborer.  Daily rate = $650.
925 CY * 1 HR/18 CY ≈ 50 HR.

6.3 Seeding Vegetative cover using mechanical seeder, power mulcher, and watering truck. 
Power mulcher: 1 highway truck, 1 power mulcher, 1 laborer, 1 truck driver.  Daily rate = $700.
Mechanical seeding: 1.25 semi-skilled laborers.  Daily rate = $250.
Watering: 1 water truck, 1 truck driver, 2 laborers.  Daily rate = $900.

6.4 Repave with Asphalt Asphaltic concrete pavement, lots and driveways.  6" stone base, 2" binder course, 4" thick topping.
Crew B-25C: 1 asphalt paver, 1 roller, 2 equipment operators, 1 labor foreman, 3 laborers.
Daily rate = $4000.
400,000 SF / 10,800 SF/day ≈ 35 days.

6.5 Decon Pad Demo and Disposal Demolish and dispose of decontamination pad materials.  $2000 estimate based on experience with 
similar projects.

6.6 Demob Support Facilities $2500 estimate based on experience with similar projects.
6.7 Restore Laydown and Stockpile Areas Demolish and dispose of materials.  Cost estimate based on previous experience.

5.0  Transportation and Disposal of Raymark Waste

Backfill and site restoration activities would include the placement and compaction of clean fill into excavations, and surface restoration in excavated areas 
using vegetation or asphalt.  Demolition and disposal of materials from the decontamination pad, demobilization of support facilities, and restoration of 
stockpiling and equipment laydown areas is also included.
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TABLE SS-5
ALTERNATIVE SS-5  CAPITAL COSTS

EXCAVATION, TREATMENT, AND ON-SITE REUSE - MISHAWUM LAKE SURFACE SOILS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

1.1 Mobilization/Demobilization 1 LS $1,000.00 $1,000 [1]
1.2 Sampling Equipment 1 LS $2,000.00 $2,000 [1]
1.3 Sampling Labor (2 workers, 2 weeks, 50 HR/WK) 200 HR $85.00 $17,000 [1]
1.4 Direct Push Borings - Geoprobe per day 10 DAY $1,200.00 $12,000 TDS, 2005
1.5 Soil Sample Collection 300 LF $2.00 $600 TDS, 2005
1.6 Field XRF Analysis - Rental Charge 2 WK $1,700.00 $3,400 Niton, 2005
1.7 Laboratory Analysis (20% for confirmation) 60 EA $50.00 $3,000 [1]
1.8 IDW Transportation/Disposal 4 DRUM $285.00 $1,140 [1]
1.9 Reporting 100 HR $100.00 $10,000 [1]

Subtotal $50,140

2.1 Equipment Mobilization 1 LS $20,000 $20,000 [1]
2.2 Field Support Facilities 1 LS $3,200 $3,200 [1]
2.3 Monthly Costs associated with Field Support 14 MONTH $3,000 $42,000 [1]

Subtotal $65,200
3.0  Site Preparation

3.1 Site Access Road Construction 0 SY $12.55 $0 Means 2004 HC, 02720 200 0300
3.2 Clear and Grub 2 ACRE $3,150 $6,300 Means 2004 HC, 02230 100 0020
3.3 Site Survey 1 LS $5,000 $5,000 [1]
3.4 Construct Equipment Decontamination Pad 1 LS $7,500 $7,500 Means 2004 HC
3.5 Construct Soil Stockpiling Area 2 LS $2,500 $5,000 Means 2004 HC
3.6 Install Erosion and Sedimentation Controls 3,000 LF $3.73 $11,190 Means 2004 HC, 02370 700 1250

Subtotal $34,990

4.1 Excavate and Load Soil into Trucks 53,000 CY $2.29 $121,370 Means 2004 ER, 17 03 0277
4.2 Haul Soil to Stockpile Area 63,600 CY $5.50 $349,800 Means 2004 HC, 02315 490 1245
4.3 Dust Suppression (hourly passes over excavation area) 3,772 MSF $1.31 $4,941 Means 2004 ER, 33 08 0585
4.4 Perimeter Air Samples (4 per work day) 353 EA $25.00 $8,833 Aero-Tech, 2005
4.5 Cleanup Confirmation Samples (1 per 500 CY) 106 EA $100.00 $10,600 [1]
4.6 Equipment Decontamination (for duration of excavation) 707 HR $39.56 $27,956 Means 2004 ER, 33 17 0823
4.7 Stockpile Management 63,600 CY $1.32 $83,952 Means 2004 HC, 02230 500 0100

Subtotal $607,452
5.0  Treatment of Stockpiled Soil

5.1 Mobilize/Assemble Treatment Unit 1 LS $127,500 $127,500 Means 2004 ER, 33 12 0206
5.2 Site Preparation Charge 1 LS $540,500 $540,500 Means 2004 ER, 33 12 0203
5.3 Startup Charge for Treatment Unit 1 LS $44,800 $44,800 Means 2004 ER, 33 12 0209
5.4 Pre-Treatment Unit 1 EA $127,500 $127,500 Means 2004 ER, 33 12 0224
5.5 Process Equipment Rental 4 MONTH $765,446 $3,061,784 Means 2004 ER, 33 12 0215
5.6 Process Labor 4 MONTH $68,400 $273,600 Means 2004 ER, 33 12 0218
5.7 Treatment System Operating Cost (per CY) 63,600 CY $82 $5,215,200 EPA/540/R-94/513
5.8 Treatment System Consumables (per CY) 63,600 CY $25 $1,590,000 Means 2004 ER, 33 12 0221
5.9 Off-Site Disposal Metal Sludges 5,000 TON $328 $1,640,000 Boston Environmental, 2005
5.10 Decontaminate/Demobilize Treatment Unit 1 LS $329,500 $329,500 Means 2004 ER, 33 12 0212

Subtotal $12,950,384

6.1 Load Treated Soil into Trucks 63,600 CY $2.29 $145,644 Means 2004 ER, 17 03 0277
6.2 Transport Treated Soil to Backfill Site 63,600 CY $4.70 $298,920 Means 2004 HC, 02315 490 0400
6.3 Spread Soil into Excavations 51,564 CY $8.70 $448,606 Means 2004 HC, 02315 210 4060
6.4 Compact Fill in 6" Lifts 51,564 CY $1.26 $64,971 Means 2004 HC, 02315 310 6210
6.5 Topsoil, Furnished and Placed (4") 925 CY $26.95 $24,929 Means 2004 ER, 18 05 0301
6.6 Seeding 75,000 SF $0.09 $6,750 Means 2004 ER, 18 05 0402
6.7 Asphalt Restoration 400,000 SF $1.00 $400,000 Means 2004 HC, 02740 315 0020
6.8 Decon Pad Demo and Disposal 1 LS $4,000.00 $4,000 [1]
6.9 Demob Support Facilities 1 LS $5,000.00 $5,000 [1]
6.10 Restore Laydown and Stockpile Areas 1 LS $20,000.00 $20,000 [1]

Subtotal $1,418,819

$15,126,985

1.0  Pre-Design Investigation

4.0  Excavate and Stockpile Surficial Soils

6.0  Backfill and Site Restoration

2.0  Mobilization/Demobilization

TOTAL DIRECT COSTS
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TABLE SS-5
ALTERNATIVE SS-5  CAPITAL COSTS

EXCAVATION, TREATMENT, AND ON-SITE REUSE - MISHAWUM LAKE SURFACE SOILS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

7.0  Other Costs
7.1 Project Management (5%) $756,349 OSWER 9355.0-75
7.2 Engineering and Design (6%) $907,619 OSWER 9355.0-75
7.3 Construction Management (6%) $907,619 OSWER 9355.0-75
7.4 Location Adustment (10%) $1,512,699 Means 2004 ER
7.5 Contingency (25%) $3,781,746 OSWER 9355.0-75

$7,866,032

TOTAL CAPITAL COSTS FOR ALTERNATIVE SS-5 $22,993,018
Notes:
Means 2004 ER: R.S. Means Environmental Cost Data, 10th Annual Edition, 2004.
Means 2004 HC: R.S. Means Heavy Construction Cost Data, 18th Annual Edition, 2004.
[1] Best estimate based on previous experience.

TOTAL OTHER COSTS
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TABLE SS-5-A
ALTERNATIVE SS-5  COST ASSUMPTIONS

EXCAVATION, TREATMENT, AND ON-SITE REUSE - MISHAWUM LAKE SURFACE SOILS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS
COST ESTIMATE BASIS

3.0  Site Preparation

5.1 Mobilize/Assemble Treatment Unit Mobilize 18,000 CY/MONTH acid extraction treatment unit and assemble on site.
5.2 Site Preparation Charge Prepare on-site area for treatment works, construct and assemble soil handling equipment, support 

areas, material staging areas.  Mobilize tanks and other ancillary treatment equipment (screens, 
scrubbers, tanks, rinse/dewatering systems).

5.3 Startup Charge for Treatment Unit Prepare soil treatment unit for use.  Perform start-up checks and tests.
5.4 Pre-Treatment Unit
5.5 Process Equipment Rental Rental of treatment unit and ancillary treatment equipment required to accomplish soil treatment.  

Hourly rate = $1100.
5.6 Process Labor Labor to operate treatment system includes 1 field superindendent/safety engineer and 4 equipment 

operators.  Daily rate = $1500.
5.7 Treatment System Operating Cost Treatment system operating cost based on rates developed for EPA/540/R-94/513 ( Acid Extraction 

Treatment System for Treatment of Metal Contaminated Soils ).
5.8 Treatment System Consumable Materials
5.9 Off-Site Disposal Metal Sludges Assume $328/TON for transportation and disposal of hazardous sludges developed during 

treatment processes.
5.10 Decontaminate/Demobilize Treatment Unit Decontaminate and demobilize 18,000 CY/month treatment unit.

6.0  Backfill and Site Restoration
6.1 Load Treated Soil into Trucks Load treated soil into trucks using hydraulic excavator.

Crew CODET: 1 laborer, 1 hydraulic excavator, 2.00 CY bucket, 1 equipment operator.  Daily rate = 
$1,400.
63,600 CY * 1 HR/75 CY ≈ 850 HR

6.2 Transport Treated Soil to Backfill Site Transport using 12 CY dump trucks.  2 mile round trip assumed (2.6 loads/hour).
Crew B-34B (4): 1 truck driver, 1 dump truck (16 ton).  $850 daily rate.
Assume four trucks cycling between locations to provide 600 CY/DAY capacity.

6.3 Spread Soil into Excavations Front-end loader, wheel-mounted.  Crew B-10S: FE loader, 1 equipment operator, 0.5 laborer.
Daily rate = $850.
51,564 CY * 1000 CY/day ≈ 52 days.

6.4 Compact Fill in 6" Lifts Vibrating roller, 6" lifts, 3 passes.  Crew B-10C: 1 vibratory loader, 1 dozer, 1 equipment operator, 
0.5 laborer.  Daily rate = $2200.
Total time = 51,563 CY * 1735 CY/day ≈ 30 days.

6.5 Topsoil, Furnished and Placed (4") Topsoil furnished and placed, 4" thick.  18 CY/HR.
Crew CODLA: 1 equipment operator, 1 semi-skilled laborer.  Daily rate = $650.
925 CY * 1 HR/18 CY ≈ 50 HR.

6.6 Seeding Vegetative cover using mechanical seeder, power mulcher, and watering truck. 
Power mulcher: 1 highway truck, 1 power mulcher, 1 laborer, 1 truck driver.  Daily rate = $700.
Mechanical seeding: 1.25 semi-skilled laborers.  Daily rate = $250.
Watering: 1 water truck, 1 truck driver, 2 laborers.  Daily rate = $900.

6.7 Repave with Asphalt Asphaltic concrete pavement, lots and driveways.  6" stone base, 2" binder course, 4" thick topping.
Crew B-25C: 1 asphalt paver, 1 roller, 2 equipment operators, 1 labor foreman, 3 laborers.
Daily rate = $4000.
Total time = 400,000 SF / 10,800 SF/day ≈ 35 days.

Since under this alternative there would be no contaminants remaining at the site above levels that allow for unlimited use and unrestricted exposure, 
there would be no operations and maintenance costs associated with the alternative and five-year reviews would not be conducted.
Alternative SS-5 would also include a pre-design investigation (PDI) to more accurately delineate the extent of surface soil containing arsenic in excess 
of the surface soil PRG.  Based on the existing data, the proposed excavation area for surface soil removal is approximately 475,000 SF.  Building 
footprints were not included in the estimated contaminated soil area, and no excavation of soil beneath existing buildings was assumed for the 
development of this cost estimate.  The wetland area located between SO-09 and the Halls Brook Holding Area was not included in the surface soil 
excavation area.

1.0  Pre-Design Investigation

DESCRIPTION

CAPITAL COSTS (TABLE SS-5)
General Assumptions

Alternative SS-5 features the excavation of all surface soil (0 to 3 feet below ground surface) that contains concentrations of arsenic that exceed the 
PRG (50 mg/kg).  Excavated soil would be transported to an on-site staging area, treated using acid extraction, and transported back to the excavation 
site to be used as clean backfill material.  The ground surface throughout the soil excavation area would be restored to its current condition (either 
vegetated or paved).

4.0  Excavate and Stockpile Surface Soils

5.0  Transportation and Disposal of Raymark Waste

Site preparation costs for this alternative would be the same as was described for Alternative SS-4.  The assumptions and basis of costs for site preparation are 
described on Table SS-4-A.  Site prep costs for the treatment unit are included in Section 5.0 of this cost estimate.

The pre-design investigation that would be performed under this alternative would be the same as was described for Alternative SS-2. 
The assumptions and basis of cost estimates for the PDI are described on Table SS-2-A.

2.0  Mobilization/Demobilization

The excavation and stockpiling of soil for this alternative would be the same as was described for Alternative SS-4.  The assumptions and basis of costs for the 
tasks included in this section of the cost estimate are presented on Table SS-4-A. 

Mobilization/demobilization costs for this alternative would be the same as was described for Alternative SS-4.  The assumptions and basis of costs for 
mobilization/demobilization are described on Table SS-4-A.  Mob/demob costs for the treatment unit are included in Section 5.0 of this cost estimate.
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TABLE SUB-2
ALTERNATIVE SUB-2 CAPITAL COSTS

MONITORING WITH INSTITUTIONAL CONTROLS - MISHAWUM LAKE SUBSURFACE SOILS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

1.1 Mobilization/Demobilization 1 LS $1,000.00 $1,000 [1]
1.2 Sampling Equipment 1 LS $2,500.00 $2,500 [1]
1.3 Sampling Labor (2 workers, 4 weeks, 50 HR/WK) 400 HR $85.00 $34,000 [1]
1.4 Direct Push Borings - Geoprobe per day (10 borings/day) 20 DAY $1,200.00 $24,000 TDS, 2005
1.5 Soil Sample Collection (3 samples/boring) 600 LF $2.00 $1,200 TDS, 2005
1.6 Field XRF Analysis - Rental Charge 1 MONTH $4,200.00 $4,200 Niton, 2005
1.7 Laboratory Analysis (20% for confirmation) 120 EA $50.00 $6,000 [1]
1.8 IDW Transportation/Disposal (drums) 20 EA $285.00 $5,700 [1]
1.9 Reporting 100 HR $100.00 $10,000 [1]

Subtotal $88,600

2.1 Legal Fees, Deed Restrictions, Property Surveys 7 EA $20,000 $140,000 [1]
Subtotal $140,000

3.1 Mobilize Drill Rig and Crew 1 LS $2,700.00 $2,700 Means 2004 ER, 33 01 0101
3.2 Drilling (Assume 15 Wells, 30 LF Avg Depth) 450 LF $16.76 $7,542 Means 2004 ER, 33 02 0601
3.3 Install PVC Well Screens (2" diameter) 150 LF $14.28 $2,142 Means 2004 ER, 33 23 0201
3.4 Install PVC Well Casing (2" diameter) 300 LF $10.16 $3,048 Means 2004 ER, 33 23 0101
3.5 Install Filter Pack 180 LF $10.65 $1,917 Means 2004 ER, 33 23 1401
3.6 Install Bentonite Seal 15 EA $39.29 $589 Means 2004 ER, 33 23 2101
3.7 Install Annular Seal 30 LF $47.40 $1,422 Means 2004 ER, 33 23 1801
3.8 PVC Well Plugs 15 EA $19.12 $287 Means 2004 ER, 33 23 0301
3.9 Flush-Mount Protective Cover with Locking Cap 10 EA $309.97 $3,100 Means 2004 ER, 33 23 2211
3.10 Above-Ground Protective Casing with Locking Cap 5 EA $297.41 $1,487 Means 2004 ER, 33 23 2251
3.11 Surface Pad, Concrete 2' x 2' 15 EA $115.30 $1,730 Means 2004 ER, 33 23 1504
3.12 Well Development (2 HR/WELL) 15 EA $170.00 $2,550 [1]
3.13 IDW Transportation/Disposal (drums) 35 EA $285.00 $9,975 [1]

Subtotal $38,488

$267,088

4.0  Other Costs
4.1 Project Management (8%) $21,367 OSWER 9355.0-75
4.2 Contingency (10%) $26,709 OSWER 9355.0-75

$48,076

TOTAL CAPITAL COSTS FOR ALTERNATIVE SUB-2 $315,164
NOTES:
[1] Best estimate based on previous experience.

2.0  Institutional Controls

TOTAL DIRECT COSTS

TOTAL OTHER COSTS

1.0  Pre-Design Investigation

3.0  Monitoring Well Construction
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TABLE SUB-2-OM
ALTERNATIVE SUB-2 OPERATIONS AND MAINTENANCE COSTS

MONITORING WITH INSTITUTIONAL CONTROLS - MISHAWUM LAKE SUBSURFACE SOILS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

OM.1.1 Periodic Inspections (Quarterly) 40 HR $100 $4,000 [1]
OM.1.2 Reporting (Quarterly) 4 EA $5,000 $20,000 [1]

Subtotal $24,000
OM.2.0  Groundwater Monitoring Costs (Years 1-10)

OM.2.1 Sample Collection Labor (15 wells/event) 90 HR $85 $7,650 [1]
OM.2.2 Sampling Equipment Rental 2 EA $2,000 $4,000 [1]
OM.2.3 Groundwater Sample Analyses (18 samples/event)

2.3.1 Metals (Arsenic) 36 EA $125 $4,500 [1]
2.3.2 VOCs 36 EA $200 $7,200 [1]
2.3.3 SVOCs 36 EA $300 $10,800 [1]

OM.2.4 Data Validation 2 EA $4,000 $8,000 [1]
OM.2.5 Reporting 2 EA $10,000 $20,000 [1]

Subtotal $62,150

$86,150
TOTAL ANNUAL O&M COSTS (Years 11-30) $24,000

OM.3.0a  Other O&M Costs (Years 1-10)
OM.3.1a Project Management (10%) $8,615 OSWER 9355.0-75
OM.3.2a O&M Contingency (15%) $12,923 OSWER 9355.0-75

Subtotal $21,538
OM.3.0b  Other O&M Costs (Years 11-30)
OM.3.1b Project Management (10%) $2,400 OSWER 9355.0-75
OM.3.2b O&M Contingency (15%) $3,600 OSWER 9355.0-75

 Subtotal $6,000

ANNUAL O&M COSTS ALTERNATIVE SUB-2 (YEARS 1-10 $107,688

ANNUAL O&M COSTS ALTERNATIVE SUB-2 (YEARS 11-30 $30,000

Notes:
[1] Best estimate based on previous experience.
Present worth analysis includes periodic cost of $20,000 to conduct five-year reviews.

OM.1.0  Annual Inspection Costs

TOTAL ANNUAL O&M COSTS (Years 1-10)
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TABLE SUB-2-PW
ALTERNATIVE SUB-2 PRESENT WORTH ANALYSIS

MONITORING WITH INSTITUTIONAL CONTROLS - MISHAWUM LAKE SUBSURFACE SOILS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

Year Capital O&M Periodic Total Discount Factor Present Value
0 $315,164 0 $0 $315,164 7.0% 1.000 $315,164
1 $0 $107,688 $0 $107,688 7.0% 0.935 $100,643
2 $0 $107,688 $0 $107,688 7.0% 0.873 $94,058
3 $0 $107,688 $0 $107,688 7.0% 0.816 $87,905
4 $0 $107,688 $0 $107,688 7.0% 0.763 $82,154
5 $0 $107,688 $20,000 $127,688 7.0% 0.713 $91,039
6 $0 $107,688 $0 $107,688 7.0% 0.666 $71,757
7 $0 $107,688 $0 $107,688 7.0% 0.623 $67,062
8 $0 $107,688 $0 $107,688 7.0% 0.582 $62,675
9 $0 $107,688 $0 $107,688 7.0% 0.544 $58,575
10 $0 $107,688 $20,000 $127,688 7.0% 0.508 $64,910
11 $0 $30,000 $0 $30,000 7.0% 0.475 $14,253
12 $0 $30,000 $0 $30,000 7.0% 0.444 $13,320
13 $0 $30,000 $0 $30,000 7.0% 0.415 $12,449
14 $0 $30,000 $0 $30,000 7.0% 0.388 $11,635
15 $0 $30,000 $20,000 $50,000 7.0% 0.362 $18,122
16 $0 $30,000 $0 $30,000 7.0% 0.339 $10,162
17 $0 $30,000 $0 $30,000 7.0% 0.317 $9,497
18 $0 $30,000 $0 $30,000 7.0% 0.296 $8,876
19 $0 $30,000 $0 $30,000 7.0% 0.277 $8,295
20 $0 $30,000 $20,000 $50,000 7.0% 0.258 $12,921
21 $0 $30,000 $0 $30,000 7.0% 0.242 $7,245
22 $0 $30,000 $0 $30,000 7.0% 0.226 $6,771
23 $0 $30,000 $0 $30,000 7.0% 0.211 $6,328
24 $0 $30,000 $0 $30,000 7.0% 0.197 $5,914
25 $0 $30,000 $20,000 $50,000 7.0% 0.184 $9,212
26 $0 $30,000 $0 $30,000 7.0% 0.172 $5,166
27 $0 $30,000 $0 $30,000 7.0% 0.161 $4,828
28 $0 $30,000 $0 $30,000 7.0% 0.150 $4,512
29 $0 $30,000 $0 $30,000 7.0% 0.141 $4,217
30 $0 $30,000 $20,000 $50,000 7.0% 0.131 $6,568

TOTAL $315,164 $1,676,875 $120,000 $2,112,039 $1,276,236
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TABLE SUB-2-A
ALTERNATIVE SUB-2 COST ASSUMPTIONS

MONITORING WITH INSTITUTIONAL CONTROLS - MISHAWUM LAKE SUBSURFACE SOILS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

COST ESTIMATE BASIS

1.1 Mobilization/Demobilization Assumes mob/demob of drilling rig, sampling equipment/supplies, and all labor required to perform 
investigation.  Less than 50 mile mob/demob distance assumed.

1.2 Sampling Equipment Sampling equipment includes weekly rental or purchase of the following items: pickup truck/van, 
photoionization detector, sampling tools, sample containers, and decontamination equipment/supplies
Shipping and handling of XRF unit included.

1.3 Sampling Labor Sampling labor estimate assumes two samplers working two weeks (10 days) at 50 hours/week.  
Total = 200 hours.

1.4 Direct Push Borings GeoProbe per day cost estimate based on vendor quote for similar project.
1.5 Soil Sample Collection Soil sample collection cost estamate based on vendor quote for similar project.
1.6 Field XRF Analysis - Rental Charge Monthly rental of Xli 702 model x-ray fluorescence unit at $4,200 based on quote from Niton 

Corporation.
1.7 Laboratory Analysis Assume 20 percent of field samples would be preserved and shipped to a fixed lab for confirmatory 

analysis.
1.8 IDW Transportation/Disposal Assume 100 four-inch soil borings with 15-foot depth would create approximately 1000 gallons of soil 

IDW, which would require off-site transportation/disposal of twenty 55-gallon drums.  $285/drum based
on previous experience with similar projects.

1.9 Reporting Assume 100 hours for report preparation to document the findings of the PDI.

2.1 Legal Fees, Deed Restrictions, Property 
Surveys

Legal fees associated with drafting and implementing deed restrictions, costs to perform property 
surveys at $20,000 per property.

OM.1.1 Periodic Inspections (Quarterly) Assume 10 hours per quarter for inspections to verify the effectiveness of institutional controls at 
preventing exposure to subsurface soils in the former Mishawum Lake bed.

OM.1.2 Inspection Reports (Quarterly) Assume $5000 per quarter for the preparation of inspection reports to document quarterly inspection 
activities and findings. 

OM.2.1 Sample Collection Labor Assume labor for collection of samples from 15 wells at 3 HR/WELL = 45 HR.
Assume 15 hours per sampling event for sample processing, paperwork, and shipping.
60 hours per sampling event * 4 events/year = 240 hours per year.

OM.2.2 Sampling Equipment Rental $2000 per event for 2 week rental of groundwater pumps, multiparameter water quality meters, 
turbidity meters, water level measurement probes, field vehicle.

OM.2.3 Groundwater Sample Analyses Assume each groundwater sample analyzed for metals, VOCs, and SVOCs.
Quality control samples include 1 field duplicate, 1 equipment blank, and 1 trip blank.

OM.2.4 Data Validation Assume 40 HRS (approximately 1 HR per sample) for data validation at $100/HR.
OM.2.5 Reporting Assume $10,000 per quarter for preparation of data summary reports.

OM.2.0  Groundwater Monitoring Costs

OM.1.0  Annual Inspection Costs

2.0  Institutional Controls

OPERATIONS AND MAINTENANCE COSTS (TABLE SUB-2-OM)

Alternative SUB-2 would involve the implementation of a groundwater monitoring program to evaluate groundwater conditions upgradient and within the 
subsurface soil risk area to verify that arsenic contamination in soils does not create risks in the future.  The monitoring program would consist of the semi-
annual collection of groundwater samples from 15 monitoring wells located within the subsurface soil risk area.  For the purposes of estimating costs for the FS
it was assumed that the monitoring program would be re-evaluated after ten years and discontinued.

The assumptions and basis of costs to construct groundwater monitoring wells within the subsurface soil risk area are presented on Table GW-2-A under the 
assumptions for Alternative GW-2.

1.0  Pre-Design Investigation
For the purpose of estimating costs for the FS, the Pre-Design Investigation that would be performed under this alternative was assumed to consist of the 
advancement of approximately 100 direct-push technology (DPT) soil borings throughout the Mishawum Lake bed to determine the lateral extent of subsurface 
soil containing arsenic in excess of its PRG (50 mg/kg).  
Each soil boring was assumed to extend fifteen feet below ground surface, for a total drilling quantity of 1,500 LF.  The rate of soil boring advancement 
(including soil sample collection, sample processing, sample analysis, and sample shipping) was assumed to be 5 soil borings per day, which translates to 20 
days (4 weeks) to perform the investigation.  Three soil samples would be collected from each soil boring for field analysis using an XRF unit.  20% of the soil 
samples that are analyzed in the field will also be preserved, packaged, and shipped an off-site laboratory for analysis.  The cost estimates presented in this 
section are based on these general assumptions.

3.0  Monitoring Well Construction

DESCRIPTION

CAPITAL COSTS (TABLE SUB-2)
General Assumptions

Alternative SUB-2 involves the imposition of institutional controls on each of the properties that are located within the contaminated subsurface soil are
that is depicted on Figure 2-3b of the FS.  For the purposes of estimating cost for the FS, it was assumed that seven properties would be impacted by 
this alternative.  A pre-design investigation (PDI) would be performed to more accurately delineate the extent of surface soil containing arsenic in 
excess of the surface soil PRG (50 mg/kg).  Based on data that is collected during the PDI, additional properties may be subject to institutional controls
in order to provide adequate protection to human health from risks associated with arsenic in soil.
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TABLE SUB-3
ALTERNATIVE SUB-3 CAPITAL COSTS

PERMEABLE COVER AND MONITORING WITH INSTITUTIONAL CONTROLS - MISHAWUM LAKE SUBSURFACE SOILS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

1.1 Mobilization/Demobilization 1 LS $1,000.00 $1,000 [1]
1.2 Sampling Equipment 1 LS $2,500.00 $2,500 [1]
1.3 Sampling Labor (2 workers, 4 weeks, 50 HR/WK) 400 HR $85.00 $34,000 [1]
1.4 Direct Push Borings - Geoprobe per day (10 borings/day) 20 DAY $1,200.00 $24,000 TDS, 2005
1.5 Soil Sample Collection (3 samples/boring) 600 LF $2.00 $1,200 TDS, 2005
1.6 Field XRF Analysis - Rental Charge 1 MONTH $4,200.00 $4,200 Niton, 2005
1.7 Laboratory Analysis (20% for confirmation) 120 EA $50.00 $6,000 [1]
1.8 IDW Transportation/Disposal 8 DRUM $285.00 $2,280 [1]
1.9 Reporting 100 HR $100.00 $10,000 [1]

Subtotal $85,180

2.1 Legal Fees, Deed Restrictions, Property Surveys 7 EA $20,000 $140,000 [1]
Subtotal $140,000

3.1 Equipment Mobilization 1 LS $20,000 $20,000 [1]
3.2 Field Support Facilities 1 LS $4,000 $4,000 [1]
3.3 Monthly Costs associated with Field Support 8 MONTH $3,000 $24,000 [1]

Subtotal $48,000
4.0  Site Preparation

4.1 Site Access Road Construction 500 SY $12.55 $6,275 Means 2004 HC, 02720 200 0300
4.2 Clear and Grub 6 ACRE $3,150 $18,900 Means 2004 HC, 02230 100 0020
4.3 Site Survey 1 LS $5,000 $5,000 [1]
4.4 Construct Equipment Decontamination Pad 2 LS $7,500 $15,000 Means 2004 HC
4.5 Construct Soil Stockpiling Area 2 LS $3,000 $6,000 Means 2004 HC
4.6 Install Erosion and Sedimentation Controls 4,000 LF $3.73 $14,920 Means 2004 HC, 02370 700 1250

Subtotal $66,095

5.1 Excavate and Load Soil into Trucks 28,000 CY $2.29 $64,120 Means 2004 ER, 17 03 0277
5.2 Haul Soil to Stockpile Area 33,600 CY $5.50 $184,800 Means 2004 HC, 02315 490 1245
5.3 Dust Suppression (hourly passes over excavation area) 3,995 MSF $1.31 $5,233 Means 2004 ER, 33 08 0585
5.4 Perimeter Air Samples (4 per work day) 187 EA $25.00 $4,667 Aero-Tech, 2005
5.5 Equipment Decontamination (for duration of excavation) 373 HR $39.56 $14,769 Means 2004 ER, 33 17 0823
5.6 Stockpile Management 33,600 CY $1.32 $44,352 Means 2004 HC, 02230 500 0100

Subtotal $317,941
6.0  Transportation and Off-Site Disposal of Soil

6.1 Load Contaminated Soil into Trucks 6,600 CY $2.29 $15,114 Means 2004 ER, 17 03 0277
6.2 Load Uncontaminated Soil into Trucks 27,000 CY $2.29 $61,830 Means 2004 ER, 17 03 0277
6.3 Equipment Decontamination 448 HR $39.56 $17,723 Means 2004 ER, 33 17 0823
6.4 Transportation of Contaminated Soil 9,900 TON $89.00 $881,100 Boston Environmental, 2005
6.5 Off-Site Disposal of Soil 9,900 TON $239.00 $2,366,100 Boston Environmental, 2005

Subtotal $3,341,867

7.1 Place Geotextile 500,000 SF $0.25 $126,111 Means 2004 HC, 02340 300 1500
7.2 Backfill with Stockpiled Material 27,000 CY $4.79 $129,330 Means 2004 ER, 17 03 0430
7.3 Topsoil, Furnished and Placed (6") 6,167 CY $26.95 $166,192 Means 2004 ER, 18 05 0301
7.4 Seeding 11.5 ACRE $3,611.00 $41,449 Means 2004 ER, 18 05 0402
7.5 Minor Repairs to Existing Asphalt 10,000 SF $1.17 $11,700 Means 2004 HC, 02740 315 1100

Subtotal $463,081

8.1 Decon Pad Demo and Disposal 1 LS $2,000.00 $2,000 [1]
8.2 Demob Support Facilities 1 LS $2,500.00 $2,500 [1]
8.3 Restore Laydown and Stockpile Areas 1 LS $5,000.00 $5,000 [1]

Subtotal $9,500

8.0  Site Restoration

1.0  Pre-Design Investigation

5.0  Excavate and Stockpile Surficial Soils

7.0  Construction of Permeable Cover

3.0  Mobilization/Demobilization

2.0  Institutional Controls
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TABLE SUB-3
ALTERNATIVE SUB-3 CAPITAL COSTS

PERMEABLE COVER AND MONITORING WITH INSTITUTIONAL CONTROLS - MISHAWUM LAKE SUBSURFACE SOILS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

9.1 Mobilize Drill Rig and Crew 1 LS $2,700.00 $2,700 Means 2004 ER, 33 01 0101
9.2 Drilling (Assume 15 Wells, 30 LF Avg Depth) 450 LF $16.76 $7,542 Means 2004 ER, 33 02 0601
9.3 Install PVC Well Screens (2" diameter) 150 LF $14.28 $2,142 Means 2004 ER, 33 23 0201
9.4 Install PVC Well Casing (2" diameter) 300 LF $10.16 $3,048 Means 2004 ER, 33 23 0101
9.5 Install Filter Pack 180 LF $10.65 $1,917 Means 2004 ER, 33 23 1401
9.6 Install Bentonite Seal 15 EA $39.29 $589 Means 2004 ER, 33 23 2101
9.7 Install Annular Seal 30 LF $47.40 $1,422 Means 2004 ER, 33 23 1801
9.8 PVC Well Plugs 15 EA $19.12 $287 Means 2004 ER, 33 23 0301
9.9 Flush-Mount Protective Cover with Locking Cap 10 EA $309.97 $3,100 Means 2004 ER, 33 23 2211
9.10 Above-Ground Protective Casing with Locking Cap 5 EA $297.41 $1,487 Means 2004 ER, 33 23 2251
9.11 Surface Pad, Concrete 2' x 2' 15 EA $115.30 $1,730 Means 2004 ER, 33 23 1504
9.12 Well Development (2 HR/WELL) 15 EA $170.00 $2,550 [1]
9.13 IDW Transportation/Disposal (drums) 35 EA $285.00 $9,975 [1]

Subtotal $38,488

$4,510,152

9.0  Other Costs
9.1 Project Management (5%) $225,508 OSWER 9355.0-75
9.2 Engineering and Design (8%) $360,812 OSWER 9355.0-75
9.3 Construction Management (6%) $270,609 OSWER 9355.0-75
9.4 Location Adustment (10%) $451,015 Means 2004 ER
9.5 Contingency (15%) $676,523 OSWER 9355.0-75

$1,984,467

$6,494,619
Notes:
Means 2004 ER: R.S. Means Environmental Cost Data, 10th Annual Edition, 2004.
Means 2004 HC: R.S. Means Heavy Construction Cost Data, 18th Annual Edition, 2004.
[1] Best estimate based on previous experience.

TOTAL CAPITAL COSTS FOR ALTERNATIVE SUB-3

TOTAL DIRECT COSTS

TOTAL OTHER COSTS

9.0  Monitoring Well Construction
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TABLE SUB-3-OM
ALTERNATIVE SUB-3 OPERATIONS AND MAINTENANCE COSTS

PERMEABLE COVER AND MONITORING WITH INSTITUTIONAL CONTROLS - MISHAWUM LAKE SUBSURFACE SOILS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

OM.1.1 Labor - Periodic Inspections (Quarterly) 40 HR $100 $4,000 [1]
OM.1.2 Cap Maintenance (Assume 10% cap area per year)

1.2.1 Topsoil, Furnished and Placed 617 CY $26.95 $16,619 Means 2004 ER, 18 05 0301
1.2.2 Seeding 50,000 SF $0.09 $4,500 Means 2004 ER, 18 05 0402
1.2.3 Maintenance Labor 64 HR $75.00 $4,800 [1]

OM.1.3 Asphalt Maintenance 4,300 SF $1.17 $5,031 Means 2004 HC, 02740 315 1100
OM.1.4 Reporting (Annual) 4 EA $7,500.00 $30,000 [1]

Subtotal $64,950
OM.2.0  Groundwater Monitoring Costs (Years 1-10)

OM.2.1 Sample Collection Labor (15 wells/event) 90 HR $85 $7,650 [1]
OM.2.2 Sampling Equipment Rental 2 EA $2,000 $4,000 [1]
OM.2.3 Groundwater Sample Analyses (18 samples/event)

2.3.1 Metals (Arsenic) 36 EA $125 $4,500 [1]
2.3.2 VOCs 36 EA $200 $7,200 [1]
2.3.3 SVOCs 36 EA $300 $10,800 [1]

OM.2.4 Data Validation 2 EA $4,000 $8,000 [1]
OM.2.5 Reporting 2 EA $10,000 $20,000 [1]

Subtotal $62,150

$127,100
$64,950

OM.3.0a  Other O&M Costs (Years 1-10)
OM.3.1a Project Management (10%) $12,710 OSWER 9355.0-75
OM.3.2a O&M Contingency (15%) $19,065 OSWER 9355.0-75

Subtotal $31,775
OM.3.0b  Other O&M Costs (Years 11-30)
OM.3.1b Project Management (10%) $6,495 OSWER 9355.0-75
OM.3.2b O&M Contingency (15%) $9,743 OSWER 9355.0-75

 Subtotal $16,238

$158,875

$81,188

Notes:
Present worth analysis assumes $30,000 every five years for preparation of five-year review report.
Means 2004 ER: R.S. Means Environmental Cost Data, 10th Annual Edition, 2004.
Means 2004 HC: R.S. Means Heavy Construction Cost Data, 18th Annual Edition, 2004.
[1] Best estimate based on previous experience.

OM.1.0  Annual Inspection Costs

TOTAL ANNUAL O&M COSTS (Years 11-30)

ANNUAL O&M COSTS ALTERNATIVE SUB-3 (YEARS 

ANNUAL O&M COSTS ALTERNATIVE SUB-3 (YEARS 11-30)

TOTAL ANNUAL O&M COSTS (Years 1-10)
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TABLE SUB-3-PW
ALTERNATIVE SUB-3 PRESENT WORTH ANALYSIS

PERMEABLE COVER AND MONITORING WITH INSTITUTIONAL CONTROLS - MISHAWUM LAKE SUBSURFACE SOILS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

Year Capital O&M Periodic Total Discount Factor Present Value
0 $6,494,619 0 $0 $6,494,619 7.0% 1.000 $6,494,619
1 $0 $158,875 $0 $158,875 7.0% 0.935 $148,482
2 $0 $158,875 $0 $158,875 7.0% 0.873 $138,768
3 $0 $158,875 $0 $158,875 7.0% 0.816 $129,689
4 $0 $158,875 $0 $158,875 7.0% 0.763 $121,205
5 $0 $158,875 $30,000 $188,875 7.0% 0.713 $134,665
6 $0 $158,875 $0 $158,875 7.0% 0.666 $105,865
7 $0 $158,875 $0 $158,875 7.0% 0.623 $98,939
8 $0 $158,875 $0 $158,875 7.0% 0.582 $92,467
9 $0 $158,875 $0 $81,188 7.0% 0.544 $44,161
10 $0 $158,875 $30,000 $188,875 7.0% 0.508 $96,015
11 $0 $81,188 $0 $81,188 7.0% 0.475 $38,572
12 $0 $81,188 $0 $81,188 7.0% 0.444 $36,048
13 $0 $81,188 $0 $81,188 7.0% 0.415 $33,690
14 $0 $81,188 $0 $81,188 7.0% 0.388 $31,486
15 $0 $81,188 $30,000 $111,188 7.0% 0.362 $40,300
16 $0 $81,188 $0 $81,188 7.0% 0.339 $27,501
17 $0 $81,188 $0 $81,188 7.0% 0.317 $25,702
18 $0 $81,188 $0 $81,188 7.0% 0.296 $24,021
19 $0 $81,188 $0 $81,188 7.0% 0.277 $22,449
20 $0 $81,188 $30,000 $111,188 7.0% 0.258 $28,733
21 $0 $81,188 $0 $81,188 7.0% 0.242 $19,608
22 $0 $81,188 $0 $81,188 7.0% 0.226 $18,325
23 $0 $81,188 $0 $81,188 7.0% 0.211 $17,126
24 $0 $81,188 $0 $81,188 7.0% 0.197 $16,006
25 $0 $81,188 $30,000 $111,188 7.0% 0.184 $20,486
26 $0 $81,188 $0 $81,188 7.0% 0.172 $13,980
27 $0 $81,188 $0 $81,188 7.0% 0.161 $13,066
28 $0 $81,188 $0 $81,188 7.0% 0.150 $12,211
29 $0 $81,188 $0 $81,188 7.0% 0.141 $11,412
30 $0 $81,188 $30,000 $111,188 7.0% 0.131 $14,606

TOTAL $6,494,619 $3,212,506 $180,000 $9,809,438 $8,070,203
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TABLE SUB-3-A
ALTERNATIVE SUB-3 COST ASSUMPTIONS

PERMEABLE COVER AND MONITORING WITH INSTITUTIONAL CONTROLS - MISHAWUM LAKE SUBSURFACE SOILS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

COST ESTIMATE BASIS

2.1
Legal Fees, Deed Restrictions, Property Surveys

Legal fees associated with drafting and implementing deed restrictions, costs to perform property 
surveys at $20,000 per property.

3.1 Equipment/Labor Mobilization/Demobilization Assume less than 50 mile haul distance for all equipment.
Equipment would be mobilized and demobilized to and from the site once for this project.

3.2 Field Support Facilities Field support facilities will be mobilized and demobilized to and from the central field support area 
once during the course of the project.

 The following items are included in this cost line item: office trailer @ $500, storage trailer @ $500, 
dumpster @ $100, sanitary facilities @ $100, soil sampling equipment @ $2000.

3.3 Monthly Costs associated with Field Support Includes monthly rental costs for duration of project for the following: office trailer @ $400, storage 
trailer @ $200, utilities @ $200, dumpster @ $200, sampling materials @ $1000, air sampling 
equipment (PID) @ 750.

Duration of project = Mobilization (1 week) + Site Prep (1 week) + Excavate and Stockpile (9 week) + 
Transportation and Disposal (3 week - overlap with excavation) + Cover Construction (11 week - 
overlap with excavation) + Site Restoration (1 week).  26 WEEKS ≈ 8 MONTHS.

4.0  Site Preparation
4.1 Site Access Road Construction Assume approximately 300 LF x 15 LF wide gravel access road construction in northern portion of 

permeable cover construction area.
300 LF * 15 LF = 4,500 SF = 500 SY.

4.2 Clear and Grub Assume 6 acres clear and grub prior to excavation and cover placement.
Cut and chip light trees to 6".  Crew B-7: 1 labor foreman, 4 laborers, 1 chipping machine, 1 
equipment operator, 1 FE loader.  Daily rate = $3200.
6 acres * 1 day/acre = 6 days.

4.3 Site Survey Assume $5,000 for site survey to identify sampling locations/construction areas. 
4.4 Construct Decontamination Pad Decontamination pad as described for Alternative SS-3 (Table SS-3-A).
4.5 Construct Soil Stockpiling Area Soil stockpiling area as described for Alternative SS-3 (Table SS-3-A).
4.4 Install Erosion and Sedimentation Controls Erosion and sedimentation controls as described for Alternative SS-3 (Table SS-3-A).

5.1 Excavate and Load Soil into Trucks Excavate and Load, 2 CY Hydraulic Excavator, Medium Material, 75 CY/HR.   
Crew CODET: 1 laborer, 1 hydraulic excavator, 2.00 CY bucket, 1 equipment operator.  Daily rate = 
$1,400.
500,000 SF * 1.5 LF / 27 CF/CY ≈ 28,000 CY.
28,000 CY * 1 HR/75 CY ≈ 370 HR.

Under this alternative, 1.5 feet of soil would be excavated from each of the contaminated subsurface soil areas and replaced with a geotextile and 1.5 feet of clean 
soil.  This section presents estimated costs for the excavation of surficial soil, transportation of soil to the soil stockpiling area, and management of the stockpile.  
Other excavation support items and engineering controls (such as dust control, air sampling, and equipment decontamination) are also included.

Excavation and loading of soil from each of the contaminated soil areas (Figure 2-3b) would be accomplished using a hydraulic excavator.  Excavated Raymark 
waste would be loaded directly into 10 CY dump trucks and transported to the soil stockpiling area.

2.0  Institutional Controls

3.0  Mobilization/Demobilization
One work week (5 days) assumed for mobilization of labor and equipment for this alternative.

5.0  Excavate and Stockpile Surficial Soils

The pre-design investigation that would be performed under this alternative would be the same as was described for Alternative SUB-2. 
The assumptions and basis of cost estimates for the PDI are described on Table SUB-2-A.

DESCRIPTION

CAPITAL COSTS (TABLE SUB-3)
General Assumptions

Alternative SUB-3 is a containment alternative that involves the construction of a permeable cover over contaminated subsurface soil areas that are 
currently vegetated at the surface and therefore potentially accessible to human receptors.  The existing asphalt surfaces that currently occupy much of th
former Mishawum Lake bed would be left in place (or improved, if necessary) so that underlying contaminated soil remains contained beneath the asphalt 
surface.

Construction of the permeable cover would involve the excavation of approximately 18 inches of contaminated soil from the vegetated areas of arsenic-
contaminated subsurface soil identified on Table 2-3b of the FS (approximately 500,000 square feet).  This soil would be stockpiled on site, characterized, 
and transported for disposal at an EPA-approved off-site facility.  The permeable cover would consist of a geotextile overlain by 12 inches of clean gravel 
and 6 inches of topsoil that would be planted with grass.

Alternative SUB-3 would also involve the imposition of institutional controls on each of the properties that are located within the contaminated subsurface 
soil area (Figure 2-3b), designed to restrict or prevent activities that might enable future exposures to contaminated subsurface soil at the site.  For the 
purposes of estimating cost for the FS, it was assumed that seven properties would be impacted by this alternative.  A pre-design investigation (PDI) woul
be performed to more accurately delineate the extent of surface soil containing arsenic in excess of the surface soil PRG (50 mg/kg).  Based on data that 
is collected during the PDI, additional properties may be subject to institutional controls in order to provide adequate protection to human health from risks 
associated with arsenic in soil.

1.0  Pre-Design Investigation

DRAFT FINAL



TABLE SUB-3-A
ALTERNATIVE SUB-3 COST ASSUMPTIONS

PERMEABLE COVER AND MONITORING WITH INSTITUTIONAL CONTROLS - MISHAWUM LAKE SUBSURFACE SOILS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

COST ESTIMATE BASISDESCRIPTION

5.2 Haul Waste to Stockpile Area 12 CY dump trucks, 0.5-mile round trip, 3.2 loads/hour, 250 CY/ truck/day assumed.  Assume two 
trucks transporting soil (6.4 loads/hour) to provide capacity for 75 CY/HR excavation rate.  
Crew B-34B (2): 1 truck driver, 1 dump truck (16 ton).  $850 daily rate.
Assume bulking factor from removal of soil at 1.2.  Therefore 28,000 CY soil in-situ roughly equivalent 
to 33,600 CY of excavated soil that will be hauled to stockpiling/staging areas.

5.3 Dust Suppression Dust suppression assumed to occur during excavation of soil to prevent airborne migration of 
contaminants via fugitive dusts and particulates.  
Crew COFWI: 1 water truck w/ 3,000 gallon water tank, 1 truck driver, 1 equipment operator, 1 
submersible pump (6" diameter, 1950 GPM).  Daily rate = $900.
75 CY/HR * 8 HR/DAY = 600 CY/DAY assumed excavation volume.  600 CY ≈ 16,000 CF.  Assume 
depth of excavation 1.5 feet, therefore daily excavation area ≈ 16,000 CF / 1.5 LF ≈ 10,700 SF.  
Assume hourly passes (8 per day) for 85,600 SF/DAY or 85.6 MSF/DAY.

5.4 Perimeter Air Samples Monitoring of site perimeter for particulates to verify effectiveness of engineering controls to prevent 
the spread of airborne contamination.
Assume 4 samples per day (one at north, south, east, and west borders of work area) analyzed for 
arsenic (metals) at $25/SAMPLE.

5.5 Equipment Decontamination Assume decontamination of heavy vehicles as they leave excavation area to transport excavated soil.
Operate 1,800 PSI pressure washer at $39.56/HR.  Includes water, soap, electricity, and labor.  
Assume operation during entire duration of excavation activities.

5.6 Stockpile Management Stockpile management assumed to include stripping & stockpiling of soil at each of the stockpiling 
areas.  Assume 200 HP dozer adverse conditions, 1150 CY/day.   
Crew B-10B: 1 equipment operator, 0.5 laborer, 1 dozer.  Daily rate = $1,500. 
Stockpile management would continue for duration of the project, therefore management of 
approximately 33,600 CY is assumed. 

6.1 Load Contaminated Soil into Trucks Excavate and Load, 2 CY Hydraulic Excavator, Medium Material, 75 CY/Hour.  Load waste from 
stockpiles into 20 CY dump trailers for transportation to disposal facility.  
Crew CODET: 1 laborer (semi-skilled), 1 hydraulic excavator, crawler, 2.00 CY Bucket, 1 equipment 
operator.  Daily rate = $1,400.
6,600 CY of surface soil (≈ 100,000 SF) assumed to be contaminated based on quantities developed 
for Alternatives SS-4/SS-5 (see Figure 2-3a).  [100,000 SF * 1.5 LF * 1.2] / 27 CF/CY.
6,600 CY * 1 HR/75 CY ≈ 88 HR.

6.2 Load Uncontaminated Soil into Trucks Assume surface soil located outside of the contaminated area depicted on Figure 2-3a to be 
uncontaminated.  Total area of cover for this alternative ≈ 500,000 SF.  400,000 SF of this surface soil 
assumed to be uncontaminated and fit for reuse as cover material.
400,000 SF * 1.5 LF * 1.2 / 27 CF/CY ≈ 27,000 CY.
27,000 CY * 75 CY/HR ≈ 360 HR.

6.3 Equipment Decontamination Assume decontamination of heavy vehicles as they leave excavation area to transport excavated soil.
Operate 1,800 PSI pressure washer at $39.56/HR.  Includes water, soap, electricity, and labor.  
Assume operation during entire duration of excavation activities.

6.4 Transportation of Contaminated Soil Assume transportation of excavated Raymark waste using 20 CY dump trailers.  Unit cost for 
transportation based on quote from disposal subcontractor.
1.5 tons per 1.0 cubic yards assumed for transportation and disposal estimates.

6.5 Off-Site Disposal of Soil Assume disposal of waste at hazardous waste facility.  Disposal cost includes full TCLP analysis (one 
per 500 tons of waste).

7.1 Place Geotextile Place woven geotextile fabric, 2500 SY/DAY.  500,000 SF ≈ 56,000 SY.
56,000 SY / 2500 SY/day ≈ 22 days.

7.2 Backfill with Stockpiled Material Gravel placed in 6" lifts, includes spreading and compaction.  Also includes the following: soil density 
test nuclear method ASTM D2922-71, compaction water price $0.005/Gallon.  
Spread Fill with dozer: 1 equipment operator, 1 labor foreman.  Daily rate = $1250
Compaction: 1 compactor, 3 semi-skilled laborers.  Daily rate = $700.
Compaction Water: 1 water truck, 1 truck driver, 1 submersible pump, 1 equipment operator.  Daily 
rate = $800.
Soil Density Tests: 2 skilled workers.  Daily rate = $900
27,000 CY * 1 HR/100 CY ≈ 270 HR.

6.0  Transportation and Off-Site Disposal of Soil

7.0  Construction of Permeable Cover
The permeable cover would consist of a geotextile fabric overlain by 12 inches of clean soil and 6 inches of topsoil.  Uncontaminated soil that is excavated and 
stockpiled from the contaminated subsurface soil area but not located within the contaminated surface soil area (27,000 CY) would be used as clean material for 
construction of the cover.
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TABLE SUB-3-A
ALTERNATIVE SUB-3 COST ASSUMPTIONS

PERMEABLE COVER AND MONITORING WITH INSTITUTIONAL CONTROLS - MISHAWUM LAKE SUBSURFACE SOILS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

COST ESTIMATE BASISDESCRIPTION

7.3 Topsoil, Furnished and Placed Topsoil furnished and placed, 6" thick.  11.5 CY/HR
Crew CODLA: 1 equipment operator, 1 semi-skilled laborer.  Daily rate = $650
6,167 CY * 1 HR/11.5 CY ≈ 540 HR.

7.4 Seeding Vegetative cover using mechanical seeder, power mulcher, and watering truck. 
Power mulcher: 1 highway truck, 1 power mulcher, 1 laborer, 1 truck driver.  Daily rate = $700.
Mechanical seeding: 1.25 semi-skilled laborers.  Daily rate = $250.
Watering: 1 water truck, 1 truck driver, 2 laborers.  Daily rate = $900.

7.5 Minor Repairs to Existing Asphalt Assume 10,000 SF required.  Hot mix, fill holes, 4" thick.
Crew B-16: 1 dump truck, 1 truck driver, 2 laborers, 1 labor foreman.  Daily rate = $1,850.  

8.0  Site Restoration

8.1 Decon Pad Demo and Disposal Demolish and dispose of decontamination pad materials.  $2000 estimate based on experience with 
similar projects.

8.2 Demob Support Facilities $2500 estimate based on experience with similar projects.
8.3 Restore Laydown and Stockpile Areas Demolish and dispose of materials.  Cost estimate based on previous experience.

OM.1.1 Periodic Inspections (Quarterly) Assume 10 hours per quarter for inspections to verify the integrity of the cover and the effectiveness 
of institutional controls at preventing exposure to surface soils.

OM.1.2 Cap Maintenance Assumes 10% of cover would need maintenance per year
Topsoil, Furnished and Placed 6,167 CY * 0.1 = 617 CY.
Seeding 500,000 SF * 0.1 = 50,000 SF.

OM.1.3 Asphalt Maintenance Assume repairs of existing asphalt at approximately 1% of asphalt area
OM.1.4 Reporting (Quarterly) Assume $7500 per quarter for the preparation of inspection reports to document quarterly inspection 

activities and findings. 

OM.2.1 Sample Collection Labor Assume labor for collection of samples from 15 wells at 3 HR/WELL = 45 HR.
Assume 15 hours per sampling event for sample processing, paperwork, and shipping.
60 hours per sampling event * 4 events/year = 240 hours per year.

OM.2.2 Sampling Equipment Rental $2000 per event for 2 week rental of groundwater pumps, multiparameter water quality meters, 
turbidity meters, water level measurement probes, field vehicle.

OM.2.3 Groundwater Sample Analyses Assume each groundwater sample analyzed for metals, VOCs, and SVOCs.
Quality control samples include 1 field duplicate, 1 equipment blank, and 1 trip blank.

OM.2.4 Data Validation Assume 40 HRS (approximately 1 HR per sample) for data validation at $100/HR.
OM.2.5 Reporting Assume $10,000 per quarter for preparation of data summary reports.

The assumptions and basis of costs to construct groundwater monitoring wells within the subsurface soil risk area are presented on Table GW-2-A under the 
assumptions for Alternative GW-2.

OM.2.0  Groundwater Monitoring Costs

OPERATIONS AND MAINTENANCE COSTS (TABLE SUB-3-OM)
OM.1.0  Annual Inspection Costs

Site restoration activities would include demolition and disposal of materials from the decontamination pad, demobilization of support facilities, and restoration of 
stockpiling and equipment laydown areas.

9.0  Monitoring Well Construction
Alternative SUB-3 would involve the implementation of a groundwater monitoring program to evaluate groundwater conditions upgradient and within the subsurface 
soil risk area to verify that arsenic contamination in soils does not create risks in the future.  The monitoring program would consist of the semi-annual collection of 
groundwater samples from 15 monitoring wells located within the subsurface soil risk area.  For the purposes of estimating costs for the FS, it was assumed that 
the monitoring program would be re-evaluated after ten years and discontinued.
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TABLE GW-2
ALTERNATIVE GW-2 CAPITAL COSTS

POND INTERCEPT WITH MONITORING AND INSTITUTIONAL CONTROLS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

1.1 Legal Fees, Deed Restrictions, Property Surveys 10 EA $20,000 $200,000 10 properties within GW plume
Subtotal $200,000

2.1 Mobilize Drill Rig and Crew 1 LS $2,700.00 $2,700 Means 2004 ER, 33 01 0101
2.2 Drilling (Assume 45 Wells, 30 LF Avg Depth) 1,350 LF $16.76 $22,626 Means 2004 ER, 33 02 0601
2.3 Install PVC Well Screens (2" diameter) 450 LF $14.28 $6,426 Means 2004 ER, 33 23 0201
2.4 Install PVC Well Casing (2" diameter) 900 LF $10.16 $9,144 Means 2004 ER, 33 23 0101
2.5 Install Filter Pack 540 LF $10.65 $5,751 Means 2004 ER, 33 23 1401
2.6 Install Bentonite Seal 45 EA $39.29 $1,768 Means 2004 ER, 33 23 2101
2.7 Install Annular Seal 180 LF $47.40 $8,532 Means 2004 ER, 33 23 1801
2.8 PVC Well Plugs 45 EA $19.12 $860 Means 2004 ER, 33 23 0301
2.9 Flush-Mount Protective Cover with Locking Cap 24 EA $309.97 $7,439 Means 2004 ER, 33 23 2211
2.10 Above-Ground Protective Casing with Locking Cap 21 EA $297.41 $6,246 Means 2004 ER, 33 23 2251
2.11 Surface Pad, Concrete 2' x 2' 15 EA $115.30 $1,730 Means 2004 ER, 33 23 1504
2.12 Well Development (2 HR/WELL) 45 EA $170.00 $7,650 [1]
2.13 IDW Transportation/Disposal (drums) 110 EA $285.00 $31,350 [1]

Subtotal $73,222

$273,222

3.0  Other Costs
3.1 Project Management (8%) $21,858 OSWER 9355.0-75
3.2 Engineering and Design (15%) $40,983 OSWER 9355.0-75
3.3 Construction Management (10%) $27,322 OSWER 9355.0-75
3.4 Location Adjustment (10%) $27,322 Means 2004 ER
3.5 Contingency (15%) $40,983 OSWER 9355.0-75

$158,469

$431,691
Notes:
Means 2004 ER: R.S. Means Environmental Cost Data, 10th Annual Edition, 2004.
[1] Best estimate based on previous experience.

1.0  Institutional Controls

TOTAL CAPITAL COSTS FOR ALTERNATIVE GW-2 

TOTAL DIRECT COSTS

TOTAL OTHER COSTS

2.0  Monitoring Well Construction
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TABLE GW-2-OM
ALTERNATIVE GW-2 OPERATIONS AND MAINTENANCE COSTS

POND INTERCEPT WITH MONITORING AND INSTITUTIONAL CONTROLS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

OM.1.1 Sample Collection Labor (45 wells/quarter) 640 HR $85 $54,400 [1]
OM.1.2 Sampling Equipment Rental 4 EA $2,000 $8,000 [1]
OM.1.3 Groundwater Sample Analyses (50 samples/quarter)

1.3.1 Metals (Arsenic) 200 EA $125 $25,000 [1]
1.3.2 VOCs 200 EA $200 $40,000 [1]
1.3.3 SVOCs 200 EA $300 $60,000 [1]

OM.1.4 Data Validation 4 EA $20,000 $80,000 [1]
OM.1.5 Reporting 4 EA $15,000 $60,000 [1]

Subtotal $327,400

$327,400

OM.2.0  Other O&M Costs
OM.2.1 Project Management (10%) $32,740 OSWER 9355.0-75
OM.2.2 O&M Contingency (15%) $49,110 OSWER 9355.0-75

$81,850

ANNUAL O&M COSTS ALTERNATIVE GW-2 $409,250
Notes:
[1] Best estimate based on previous experience.
Present worth analysis includes periodic cost of $50,000 for preparation of five-year review.
Present worth analysis assumes the costs in this table would be incurred in years 1 - 5, and for years 6-30, groundwater monitoring would be conducted
          on a semi-annual basis.

OM.1.0  Annual O&M Costs

TOTAL ANNUAL O&M COSTS

TOTAL OTHER O&M COSTS
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TABLE GW-2-PW
ALTERNATIVE GW-2 PRESENT WORTH ANALYSIS

POND INTERCEPT WITH MONITORING AND INSTITUTIONAL CONTROLS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

Year Capital O&M Periodic Total Discount Factor Present Value
0 $431,691 $0 $0 $431,691 7.0% 1.000 $431,691
1 $0 $409,250 $0 $409,250 7.0% 0.935 $382,477
2 $0 $409,250 $0 $409,250 7.0% 0.873 $357,455
3 $0 $409,250 $0 $409,250 7.0% 0.816 $334,070
4 $0 $409,250 $0 $409,250 7.0% 0.763 $312,215
5 $0 $409,250 $50,000 $459,250 7.0% 0.713 $327,439
6 $0 $204,625 $0 $204,625 7.0% 0.666 $136,350
7 $0 $204,625 $0 $204,625 7.0% 0.623 $127,430
8 $0 $204,625 $0 $204,625 7.0% 0.582 $119,094
9 $0 $204,625 $0 $204,625 7.0% 0.544 $111,302
10 $0 $204,625 $50,000 $254,625 7.0% 0.508 $129,438
11 $0 $204,625 $0 $204,625 7.0% 0.475 $97,216
12 $0 $204,625 $0 $204,625 7.0% 0.444 $90,856
13 $0 $204,625 $0 $204,625 7.0% 0.415 $84,912
14 $0 $204,625 $0 $204,625 7.0% 0.388 $79,357
15 $0 $204,625 $50,000 $254,625 7.0% 0.362 $92,288
16 $0 $204,625 $0 $204,625 7.0% 0.339 $69,314
17 $0 $204,625 $0 $204,625 7.0% 0.317 $64,779
18 $0 $204,625 $0 $204,625 7.0% 0.296 $60,541
19 $0 $204,625 $0 $204,625 7.0% 0.277 $56,581
20 $0 $204,625 $50,000 $254,625 7.0% 0.258 $65,800
21 $0 $204,625 $0 $204,625 7.0% 0.242 $49,420
22 $0 $204,625 $0 $204,625 7.0% 0.226 $46,187
23 $0 $204,625 $0 $204,625 7.0% 0.211 $43,165
24 $0 $204,625 $0 $204,625 7.0% 0.197 $40,341
25 $0 $204,625 $50,000 $254,625 7.0% 0.184 $46,914
26 $0 $204,625 $0 $204,625 7.0% 0.172 $35,236
27 $0 $204,625 $0 $204,625 7.0% 0.161 $32,930
28 $0 $204,625 $0 $204,625 7.0% 0.150 $30,776
29 $0 $204,625 $0 $204,625 7.0% 0.141 $28,763
30 $0 $204,625 $50,000 $254,625 7.0% 0.131 $33,449

$431,691 $7,161,875 $300,000 $7,893,566 $3,917,784
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TABLE GW-2-A
ALTERNATIVE GW-2 COST ASSUMPTIONS

POND INTERCEPT WITH MONITORING AND INSTITUTIONAL CONTROLS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

COST ESTIMATE BASIS

1.1 Legal Fees, Deed Restrictions, Site Surveys Legal fees associated with drafting and implementing deed restrictions, costs to perform property 
surveys at $20,000 per property.

2.1 Mobilize Drill Rig and Crew Crew ULADB: Hollow-stem auger drill rig, 1 equipment operator, 2 laborers.
Hourly rate = $340.  Labor costs included in unit costs (2.2 through 2.10)

2.2 Drilling (Assume 45 Wells, 30 LF Depth) 45 wells * 30 LF = 1350 LF wells.
Hollow-stem auger drilling, 8" diameter borehole, depth <= 100 feet.
Production rate = 14 LF/HR.
Assumed duration of drilling activities ≈ 1350 LF / 14 LF/HR ≈ 100 HR.

2.3 Install PVC Well Screens 2" Schedule 40 PVC well screen, 10 LF/WELL = 450 LF.
Production rate = 37.5 LF/HR.
Assumed duration of screen installation = 450 LF / 37.5 LF/HR ≈ 12 HR.

2.4 Install PVC Well Casing 2" Schedule 40 PVC riser, 20 LF/WELL = 900 LF.
Production rate = 37.5 LF/HR.
Assumed duration of casing installation = 900 LF / 37.5 LF/HR ≈ 24 HR.

2.5 Install Filter Pack Filter pack for 2" screen, 12 LF/WELL = 540 LF.
Production rate = 44 LF/HR.
Assumed duration of filter pack installation = 540 LF / 44 LF/HR ≈ 12 HR.

2.6 Install Bentonite Seal Bentonite seal for 2" well assumed two-foot thickness per well for 90 LF total.
2.7 Install Annular Seal Annular seal (grout) for 2" well assumed 10 FT/well for 450 LF total.
2.8 PVC Well Plugs 2" PVC well plug, one per well.
2.9 Flush-Mount Protective Cover with Locking Cap 2" well finish, flush-mount with 8" x 7.5" waterproof manhole, locking cap.

Assume approximately half of wells finished with flush-mount protective covers.
2.10 Above-Ground Protective Casing with Locking Cap 4" x 4' protective enclosure, Schedule 40, lockable with hinged lid.

Assume approximately half of wells finished with above-ground protective covers.
2.11 Surface Pad, Concrete 2' x 2' Concrete surface pad, 2' x 2' x 4", one per well.
2.12 Well Development Assume 2 HRS per well for well development.  Labor at $85/HR.
2.13 IDW Transportation/Disposal Soil IDW generated: 3.14*(0.333 LF)^2 * 1350 LF ≈ 470 CF.

470 CF soil / 1 CF/7.48 GAL ≈ 3,500 GAL soil or approximately 65 drums.
Assume 1 drum per well development water.
Total drums IDW developed assumed to be 110.

OM.1.1 Sample Collection Labor Assume labor for collection of samples from 45 wells at 3 HR/WELL = 135 HR.
Assume 25 hours per sampling event for sample processing, paperwork, and shipping.
160 hours per sampling event * 4 events/year = 640 hours per year.

OM.1.2 Sampling Equipment Rental $2000 per event for 2 week rental of groundwater pumps, multiparameter water quality meters, 
turbidity meters, water level measurement probes, field vehicle.

OM.1.3 Groundwater Sample Analyses Assume each groundwater sample analyzed for metals, VOCs, and SVOCs.
Quality control samples include 2 field duplicates, 2 equipment blanks, and 1 trip blank.

OM.1.4 Data Validation Assume 200 HRS (1 HR per sample) for data validation at $100/HR.
OM.1.5 Reporting Assume $15,000 per quarter for preparation of data summary reports.

DESCRIPTION

General Assumptions

1.0  Institutional Controls
Institutional controls, in the form of deed restrictions, would be placed on 10 properties to restrict activities and groundwater uses that might result in future 
exposures to contaminated groundwater that would present unacceptable human health risks.

Alternative GW-2 is a limited action alternative that involves groundwater monitoring within the delineated groundwater contamination plumes (Figure 2-4).  
Institutional controls would be imposed on each property that is located within the groundwater contamination areas to limit or prevent activities that might 
result in future exposures to contaminants in groundwater.
For the purposes of estimating cost for the FS, it was assumed that the monitoring well network that would be used to monitor groundwater concentrations 
would consist of 15 well clusters, each cluster consisting of a well screened in the shallow, intermediate, and deep portions of the overburden aquifer.  It wa
assumed that the depth of shallow wells would be 15 feet bgs, intermediate wells 30 feet bgs, and deep wells 45 feet bgs; therefore the average depth of 
monitoring wells would be 30 feet and the total linear footage of monitoring wells would be 45 * 30 = 1,350 LF.

OPERATIONS AND MAINTENANCE COSTS (TABLE GW-2-OM)

CAPITAL COSTS (TABLE GW-2)

Annual O&M Costs for Alternative GW-2 were assumed to consist of periodic groundwater monitoring events and reporting of data and results.  For the purpose of 
estimating present worth costs for this alternative, it was assumed that groundwater monitoring would be conducted quarterly for the first five years and semi-
annually thereafter.  The costs shown on Table GW-2-OM reflect those for the first five years (quarterly groundwater monitoring).  Present worth analysis for years 6
to 30 assumed that monitoring costs would be half of those presented on Table GW-2-OM (i.e. sampling conducted semi-annually rather than quarterly).

OM.1.0  Annual O&M Costs

2.0  Monitoring Well Construction
For the purpose of developing capital costs for this alternative, a monitoring well network consisting of 15 monitoring wells was assumed.  Since no active 
remediation would occur under this alternative, capital costs would only include costs to construct monitoring wells.   
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TABLE GW-3
ALTERNATIVE GW-3 CAPITAL COSTS

PLUME INTERCEPT BY GROUNDWATER EXTRACTION, TREATMENT, AND DISCHARGE, 
AND MONITORING WITH INSTITUTIONAL CONTROLS

INDUSTRI-PLEX MSGRP FEASIBILITY STUDY
WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

1.1 Legal Fees, Deed Restrictions, Property Surveys 10 EA $20,000 $200,000 10 properties within GW plume
Subtotal $200,000

2.1 Equipment/Materials/Labor Mobilization 1 LS $30,000 $30,000 [1]
2.2 Field Support Facilities 1 LS $5,000 $5,000 [1]
2.3 Monthly Costs associated with Field Support 6 MONTH $4,000 $24,000 [1]

Subtotal $59,000

3.1 Drilling Oversight (Assume Two Rigs - 20,000 LF) 700 HR $85.00 $59,500 500 injection points [1]
3.2 Direct Push Borings - Geoprobe (300 LF/DAY) 70 DAY $1,200.00 $84,000 TDS, 2005
3.3 Oxidant Injection 75 TON $16,000.00 $1,200,000 Regenesis, 2005
3.4 IDW Disposal 250 EA $285.00 $71,250 [1]
3.5 Boring Abandonment 1 LS $43,150.00 $43,150 [1]

Subtotal $1,457,900

4.1 Mobilize Drill Rig and Crew 1 LS $5,400.00 $5,400 Means 2004 ER, 33 01 0101
4.2 Drilling (Assume 5 Wells, 40 LF Depth, 14" borehole) 200 LF $40.00 $8,000 Means 2004 ER, 33 23 1105
4.3 Install 8" PVC Well Screens 150 LF $45.00 $6,750 Means 2004 ER, 33 23 0204
4.4 Install 8" PVC Well Casing 50 LF $23.00 $1,150 Means 2004 ER, 33 23 0104
4.5 Install Silica Sand Filter Pack 175 LF $30.00 $5,250 Means 2004 ER, 33 23 1403
4.6 Install Bentonite Seal 5 EA $215.00 $1,075 Means 2004 ER, 33 23 2105
4.7 Well Vaults 5 EA $4,000.00 $20,000 Means 2004 ER, 33 23 2205
4.8 Well Development (2 HR/WELL) 10 HR $85.00 $850 [1]
4.9 IDW Transportation/Disposal (drums) 25 EA $285.00 $7,125 [1]

Subtotal $55,600

5.1 Site Preparation/Erosion Controls 6000 LF $3.73 $22,380 Means 2004 HC, 02370 700 1250
5.2 Excavate Pipe Trenches 1200 CY $5.00 $6,000 Means 2004 HC, 02315 610 0090
5.3 Place and Compact Pipe Bedding in Trench 150 CY $17.00 $2,550 Means 2004 HC, 02315 640 0200
5.4 PVC Pipe Installation 3000 LF $11.00 $33,000 Means 2004 ER, 33 26 0416
5.5 Pipe Fittings (reducers, elbows, tees) 1 LS $3,000.00 $3,000 [1]
5.6 Backfill/Compact Trenches 1365 CY $6.00 $8,190 Means 2004 ER, 02315 610 3040
5.7 Wellhead Completion (valves, etc) 5 EA $2,000.00 $10,000 [1]

Subtotal $85,120

6.1 Extraction Well Pumps 5 EA $5,000 $25,000 [1]
6.2 Equalization Tank 4 EA $4,000 $16,000 [1]
6.3 Chemical Oxidation System (KMnO4) 1 EA $20,000 $20,000 [1]
6.4 Polymer Feed System 1 EA $22,000 $22,000 [1]
6.5 Acid/Base Feed System 3 EA $7,500 $22,500 [1]
6.6 Polymer Feed System 1 EA $20,000 $20,000 [1]
6.7 Inclined Plate Clarifier 1 EA $70,000 $70,000 [1]
6.8 Sludge Tank 1 EA $40,000 $40,000 [1]
6.9 Aeration Equipment 2 EA $10,000 $20,000 [1]
6.10 Scubber Equipment pkg 2 EA $60,000 $120,000 Means 2004 ER, 33 13 9102
6.11 Activated Carbon Vessels 2 EA $25,000 $50,000 [1]
6.12 Greensand Filter System 1 EA $150,000 $150,000 [1]
6.13 Mechanical Installation 1 LS $141,750 $141,750 [1]
6.14 Electrical Installation 1 LS $85,050 $85,050 [1]
6.15 Instrumentation/Controls 1 LS $75,000 $75,000 [1]
6.16 Pre-Engineered Steel Building (including site prep) 10,000 SF $10 $100,000 [1]

Subtotal $977,300
7.0  System Startup/Testing

7.1 Labor 750 HR $85.00 $63,750 [1]
7.2 Prepare O&M Manual 1 LS $10,000 $10,000 [1]
7.3 Prepare As-Built Drawings 1 LS $20,000 $20,000 [1]
7.4 Baseline Sampling Event 1 LS $212,400 $212,400 [1]

Subtotal $93,750

6.0  Treatment Equipment

4.0  Extraction Well Installation

3.0  In-Situ Enhanced Bioremediation - Benzene Plume at West Hide Pile

1.0  Institutional Controls

2.0  Mobilization/Demobilization

5.0  Installation of Treatment System Piping
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TABLE GW-3
ALTERNATIVE GW-3 CAPITAL COSTS

PLUME INTERCEPT BY GROUNDWATER EXTRACTION, TREATMENT, AND DISCHARGE, 
AND MONITORING WITH INSTITUTIONAL CONTROLS

INDUSTRI-PLEX MSGRP FEASIBILITY STUDY
WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

8.1 Mobilize Drill Rig and Crew 1 LS $2,700.00 $2,700 Means 2004 ER, 33 01 0101
8.2 Drilling (Assume 45 Wells, 30 LF Avg Depth) 1,350 LF $16.76 $22,626 Means 2004 ER, 33 02 0601
8.3 Install PVC Well Screens (2" diameter) 450 LF $14.28 $6,426 Means 2004 ER, 33 23 0201
8.4 Install PVC Well Casing (2" diameter) 900 LF $10.16 $9,144 Means 2004 ER, 33 23 0101
8.5 Install Filter Pack 540 LF $10.65 $5,751 Means 2004 ER, 33 23 1401
8.6 Install Bentonite Seal 45 EA $39.29 $1,768 Means 2004 ER, 33 23 2101
8.7 Install Annular Seal 180 LF $47.40 $8,532 Means 2004 ER, 33 23 1801
8.8 PVC Well Plugs 45 EA $19.12 $860 Means 2004 ER, 33 23 0301
8.9 Flush-Mount Protective Cover with Locking Cap 24 EA $309.97 $7,439 Means 2004 ER, 33 23 2211
8.10 Above-Ground Protective Casing with Locking Cap 21 EA $297.41 $6,246 Means 2004 ER, 33 23 2251
8.11 Surface Pad, Concrete 2' x 2' 15 EA $115.30 $1,730 Means 2004 ER, 33 23 1504
8.12 Well Development (2 HR/WELL) 45 EA $170.00 $7,650 [1]
8.13 IDW Transportation/Disposal (drums) 100 EA $285.00 $28,500 [1]

Subtotal $109,372

$3,038,042

9.0  Other Costs
9.1 Project Management (6%) $182,283 OSWER 9355.0-75
9.2 Engineering and Design (12%) $364,565 OSWER 9355.0-75
9.3 Construction Management (8%) $243,043 OSWER 9355.0-75
9.4 Location Adjustment (10%) $303,804 Means 2004 ER
9.5 Contingency (20%) $607,608 OSWER 9355.0-75

$1,701,303

$4,739,345
Notes:
Means 2004 ER: R.S. Means Environmental Cost Data, 10th Annual Edition, 2004.
Means 2004 HC: R.S. Means Heavy Construction Cost Data, 18th Annual Edition, 2004.
[1] Best estimate based on previous experience.

TOTAL CAPITAL COST FOR ALTERNATIVE GW-3 

TOTAL DIRECT COSTS

TOTAL OTHER COSTS

8.0  Monitoring Well Construction
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TABLE GW-3-OM
ALTERNATIVE GW-3 OPERATIONS AND MAINTENANCE COSTS

PLUME INTERCEPT BY GROUNDWATER EXTRACTION, TREATMENT, AND DISCHARGE, 
AND MONITORING WITH INSTITUTIONAL CONTROLS

INDUSTRI-PLEX MSGRP FEASIBILITY STUDY
WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

OM.1.1 Technician Labor (56 HR/WK) 2,920 HR $85.00 $248,200 [1]
OM.1.2 Engineer Labor (8 HR/WK) 400 HR $100.00 $40,000 [1]
OM.1.3 Equipment Maintenance (5% equipment cost) 1 LS $21,675 $21,675 [1]

Subtotal $309,875

OM.2.1 Sample Collection Labor (160 HR/EVENT) 640 HR $85 $54,400 [1]
OM.2.2 Sampling Equipment Rental 4 EA $2,000 $8,000 [1]
OM.2.3 Groundwater Sample Analyses (50 samples/quarter)

2.3.1 Metals (Arsenic) 200 EA $125 $25,000 [1]
2.3.2 VOCs 200 EA $200 $40,000 [1]
2.3.3 SVOCs 200 EA $300 $60,000 [1]

OM.2.4 Process Water Samples (assume 25 monthly)
2.4.1 Metals (Arsenic) 300 EA $125 $37,500 [1]
2.4.2 VOCs 300 EA $200 $60,000 [1]
2.4.3 SVOCs 300 EA $300 $90,000 [1]

OM.2.5 Data Validation 500 EA $100 $50,000 [1]
Subtotal $424,900

OM.3.1 Sludge Transportation and Disposal 100,000 GAL $1.50 $150,000 [1]
OM.3.2 Chemicals (KMnO4, NaOH, HCl, polymer) 1 LS $20,000 $20,000 [1]
OM.3.3 Carbon Replacement 4 EA $4,000 $16,000 [1]
OM.3.4 Electrical Power Usage (100+ HP assumed) 650,000 KW-H $0.11 $71,500 [1]
OM.3.5 Miscellaneous Facilities Support

3.5.1 Trash/Sanitary Facilities 12 MONTH $200.00 $2,400 [1]
3.5.2 Snow Removal (per year) 1 LS $2,000.00 $2,000 [1]

Subtotal $257,500

OM.4.1 Reporting 4 EA $20,000 $80,000 [1]
Subtotal $80,000

$1,072,275
TOTAL ANNUAL O&M COSTS (YEARS 3-30)* $859,825

OM.5.0A  Other O&M Costs (Years 1-2)
OM.5.1 Project Management (6%) $64,337 OSWER 9355.0-75
OM.5.2 O&M Contingency (15%) $160,841 OSWER 9355.0-75

$225,178

OM.5.0.B  Other O&M Costs (Years 3-30)
OM.5.1 Project Management (6%) $51,590 OSWER 9355.0-75
OM.5.2 O&M Contingency (15%) $128,974 OSWER 9355.0-75

TOTAL OTHER O&M COSTS (YEARS 3-30) $180,563

ANNUAL O&M COSTS ALTERNATIVE GW-3 (YEARS 1-2) $1,297,453
ANNUAL O&M COSTS ALTERNATIVE GW-3 (YEARS 3-30) $1,040,388
Notes:
* Annual O&M Costs for years 3-30 include semiannual groundwater monitoring and bimonthly process water sampling.
Means 2004 ER: R.S. Means Environmental Cost Data, 10th Annual Edition, 2004.
Means 2004 HC: R.S. Means Heavy Construction Cost Data, 18th Annual Edition, 2004.
[1] Best estimate based on previous experience.

OM.1.0  Operating/Supervision Labor

TOTAL ANNUAL O&M COSTS (YEARS 1-2)

TOTAL OTHER O&M COSTS (YEARS 1-2)

OM.2.0  Groundwater and Process Water Monitoring and Analysis

OM.3.0  Treatment System O&M

OM.4.0  Reporting
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TABLE GW-3-PW
ALTERNATIVE GW-3 PRESENT WORTH ANALYSIS

PLUME INTERCEPT BY GROUNDWATER EXTRACTION, TREATMENT, AND DISCHARGE, 
AND MONITORING WITH INSTITUTIONAL CONTROLS

INDUSTRI-PLEX MSGRP FEASIBILITY STUDY
WOBURN, MASSACHUSETTS

Year Capital O&M Periodic Total Discount Factor Present Value
0 $4,739,345 0 $0 $4,739,345 7.0% 1.000 $4,739,345
1 $0 $1,297,453 $0 $1,297,453 7.0% 0.935 $1,212,573
2 $0 $1,297,453 $0 $1,297,453 7.0% 0.873 $1,133,245
3 $0 $1,040,388 $0 $1,040,388 7.0% 0.816 $849,267
4 $0 $1,040,388 $0 $1,040,388 7.0% 0.763 $793,707
5 $0 $1,040,388 $1,300,000 $2,340,388 7.0% 0.713 $1,668,664
6 $0 $1,040,388 $0 $1,040,388 7.0% 0.666 $693,255
7 $0 $1,040,388 $0 $1,040,388 7.0% 0.623 $647,902
8 $0 $1,040,388 $0 $1,040,388 7.0% 0.582 $605,515
9 $0 $1,040,388 $0 $1,040,388 7.0% 0.544 $565,902
10 $0 $1,040,388 $50,000 $1,090,388 7.0% 0.508 $554,298
11 $0 $1,040,388 $0 $1,090,388 7.0% 0.475 $518,036
12 $0 $1,040,388 $0 $1,040,388 7.0% 0.444 $461,945
13 $0 $1,040,388 $0 $1,040,388 7.0% 0.415 $431,724
14 $0 $1,040,388 $0 $1,040,388 7.0% 0.388 $403,481
15 $0 $1,040,388 $50,000 $1,090,388 7.0% 0.362 $395,207
16 $0 $1,040,388 $0 $1,040,388 7.0% 0.339 $352,415
17 $0 $1,040,388 $0 $1,040,388 7.0% 0.317 $329,360
18 $0 $1,040,388 $0 $1,040,388 7.0% 0.296 $307,813
19 $0 $1,040,388 $0 $1,040,388 7.0% 0.277 $287,676
20 $0 $1,040,388 $50,000 $1,090,388 7.0% 0.258 $281,777
21 $0 $1,040,388 $0 $1,040,388 7.0% 0.242 $251,267
22 $0 $1,040,388 $0 $1,040,388 7.0% 0.226 $234,829
23 $0 $1,040,388 $0 $1,040,388 7.0% 0.211 $219,467
24 $0 $1,040,388 $0 $1,040,388 7.0% 0.197 $205,109
25 $0 $1,040,388 $50,000 $1,090,388 7.0% 0.184 $200,903
26 $0 $1,040,388 $0 $1,040,388 7.0% 0.172 $179,150
27 $0 $1,040,388 $0 $1,040,388 7.0% 0.161 $167,430
28 $0 $1,040,388 $0 $1,040,388 7.0% 0.150 $156,477
29 $0 $1,040,388 $0 $1,040,388 7.0% 0.141 $146,240
30 $0 $1,040,388 $50,000 $1,090,388 7.0% 0.131 $143,241

$4,739,345 $31,725,777 $1,550,000 $38,065,122 $19,137,221
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TABLE GW-3-A
ALTERNATIVE GW-3 COST ASSUMPTIONS

PLUME INTERCEPT BY GROUNDWATER EXTRACTION, TREATMENT, AND DISCHARGE, 
AND MONITORING WITH INSTITUTIONAL CONTROLS

INDUSTRI-PLEX MSGRP FEASIBILITY STUDY
WOBURN, MASSACHUSETTS

COST ESTIMATE BASIS

1.1 Legal Fees, Deed Restrictions, Site Surveys Legal fees associated with drafting and implementing deed restrictions, costs to perform property 
surveys at $20,000 per property.

2.1 Equipment Mobilization Assume less than 50 mile haul distance for all equipment.
Equipment would be mobilized and demobilized to and from the site once for this project.
Assume $200 for mob, $200 for demob per piece of equipment.
Unit costs include labor cost for equipment mob/demob.

2.2 Field Support Facilities Field support facilities will be mobilized and demobilized to and from the central field support area 
once during the course of the project.

 The following items are included in this cost line item: office trailer @ $500, storage trailer @ $500, 
dumpster @ $100, sanitary facilities @ $100, soil sampling equipment @ $2000.

2.3 Monthly Costs associated with Field Support Includes monthly rental costs for duration of project for the following: office trailer @ $400, storage 
trailer @ $200, utilities @ $200, dumpster @ $200, sampling materials @ $1250, air sampling 
equipment (PID) @ 750.

3.1 Drilling Oversight Assume 500 injection points, 40 LF per point = 20,000 LF drilling.
20,000 LF / 300 LF/DAY = 67 DAY drilling.  Assume 70 DAY * 10 HR/DAY oversight = 700 HR.

3.2 Direct Push Borings $1,200/DAY rate for GeoProbe based on quote from drilling contractor.
3.3 Oxidant Injection 75 TONS oxidant * $8/LB * 2000 LB/TON = $1,200,000.  Quantity based on vendor-supplied cost 

estimating spreadsheet. Oxidant cost provided by vendor.
3.4 IDW Disposal Drilling spoils for one 4-inch boring ≈ (3.14)*(2/12 LF)^2*(40 LF) ≈ 3.5 CF.

500 borings * 3.5 CF/boring ≈ 1,750 CF.  
1,750 CF * 7.48 GAL/CF ≈ 13,000 GAL.  Assume 250 55-gallon drums IDW.

3.5 Boring Abandonment Soil boring abandonment would involve backfilling the portions of the soil boring that are located above
the water table using clean fill material.
1,750 CF ≈ 65 CY.  Assume $10/CY for material.  1 HR labor per boring @ $85/HR.
$650 for material.  $42,500 labor cost.

4.1 Mobilize Drill Rig and Crew Mobilize hollow-stem auger drilling rig to site, <50 mile mobilization distance.
Crew ULADB: Hollow-stem auger drill rig, 1 equipment operator, 2 laborers.
Hourly rate = $340.  Labor costs included in unit costs (4.2 through 4.9)

4.2 Drilling (14" borehole) Assume 5 extraction wells, 40 LF average depth = 200 LF total.
Hollow-stem auger drilling, 14" diameter borehole, depth <= 100 feet.
Production rate = 9 LF/HR.
Assumed duration of drilling activities ≈ 200 LF / 9 LF/HR ≈ 22 HR.

4.3 Install 8" PVC Well Screens 8" PVC well screen, Schedule 40.
Production rate = 12.5 LF/HR.
150 LF / 12 LF/HR = 12.5 HR.

4.4 Install 8" PVC Well Casing 8" PVC well casing, Schedule 40.
Production rate = 12.5 LF/HR.
50 LF / 12.5 LF/HR = 4 HR.

4.5 Install Silica Sand Filter Pack Filter pack for 8" screen, 35 LF/well = 175 LF.
4.6 Install Bentonite Seal Bentonite seal for 8" well.  One per well = 5 total.
4.7 Well Vaults Traffic load, well protective vaults, 4' x 4' with locking hatch.
4.8 Well Development Assume 2 HRS per well for well development.  Labor at $85/HR.
4.9 IDW Transportation/Disposal (drums) IDW generated per boring = (3.14)*(7/12 LF)^2*40 LF ≈ 42.7 CF.

42.7 CF * 7.48 GAL/CF ≈ 319 GAL.  Assume six 55-gallon drums for soil IDW.  Assume twenty 55 
gallon drums (4 per well) for well development water. 

Since this alternative would not achieve remediation goals in the short term, institutional controls would be imposed on each property that is located within 
the groundwater contamination areas to limit or prevent activities that might result in future exposures to contaminants in groundwater.  For the purposes of 
estimating costs for the FS, it was assumed that the groundwater contamination plume is located on all or portions of 10 properties.

2.0  Mobilization/Demobilization

The assumed area of the oxygen injection area was 280 FT x 400 FT.  The depth to groundwater was assumed to average 20 FT below ground surface, and the 
thickness of the contaminated groundwater zone was assumed to be 20 LF (40 FT depth below ground surface).  Injection points were assumed to be installed in a 
grid with points 15 feet on center along the length and width of the contaminated area.

3.0  In-Situ Enhanced Bioremediation - Benzene Plume at West Hide Pile

4.0  Extraction Well Installation

1.0  Institutional Controls
Institutional controls, in the form of deed restrictions, would be placed on 10 properties to restrict activities and groundwater uses that might result in future 
exposures to contaminated groundwater that would present unacceptable human health risks.

DESCRIPTION

CAPITAL COSTS (TABLE GW-3)
General Assumptions

Alternative GW-3 involves the construction of a groundwater extraction/treatment system that captures the entire area of arsenic/benzene groundwater 
contamination that is depicted on Figure 2-4.  Treatment of groundwater contaminated with benzene that is located in the vicinity of the West Hide Pile wou
be accomplished through in-situ enhanced bioremediation by injecting an oxygen-enhancing slurry into the aquifer through a series of soil borings advanced 
throughout the delineated contaminant plume.  
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TABLE GW-3-A
ALTERNATIVE GW-3 COST ASSUMPTIONS

PLUME INTERCEPT BY GROUNDWATER EXTRACTION, TREATMENT, AND DISCHARGE, 
AND MONITORING WITH INSTITUTIONAL CONTROLS

INDUSTRI-PLEX MSGRP FEASIBILITY STUDY
WOBURN, MASSACHUSETTS

COST ESTIMATE BASISDESCRIPTION

5.1 Site Preparation/Erosion Controls Assume 6000 LF of silt fence/straw bales in areas where trenches are being excavated for the 
purpose of installing pipe.

5.2 Excavate Pipe Trenches Assume pipe trenches 4 feet deep, 4 feet wide = 16 SF cross sectional area.
Length of trenches ≈ 2000 LF * 16 SF ≈ 32,000 CF. 
32,000 CF / 27 CF/CY ≈ 1,200 CY

5.3 Place and Compact Pipe Bedding in Trench Assume 6" sand pipe bedding in trenches.
0.5 LF * 4 LF * 2000 LF = 4000 CF / 27 CF/CY ≈ 150 CY.

5.4 PVC Pipe Installation Install 3000 LF of PVC pipe.
5.5 Pipe Fittings (reducers, elbows, tees) Pipe fitting
5.6 Backfill/Compact Trenches Assume (1200 CY - 150 CY) * 1.3 = 1365 CY.

OM.1.1 Operating/Supervision Labor Assume 8 HR/DAY, 56 HR/WEEK for treatment system operator.
OM.1.2 Engineer Labor One day per week (8 HR) for engineer oversight.
OM.1.3 Equipment Maintenance Assume 5% of equipment cost for regular maintenance.

OM.2.0  Groundwater and Process Water Monitoring and Analysis
OM.2.1 Sample Collection Labor Assume 160 HR per event to collect samples, process samples, prepare paperwork and shipments.

160 hours per sampling event * 4 events/year = 640 hours per year.
OM.2.2 Sampling Equipment Rental $2000 per event for 2 week rental of groundwater pumps, multiparameter water quality meters, 

turbidity meters, water level measurement probes, field vehicle.
OM.2.3 Groundwater Sample Analyses Assume each groundwater sample analyzed for metals, VOCs, and SVOCs.

Quality control samples include 2 field duplicates, 2 equipment blanks, and 1 trip blank.
OM.2.4 Process Water Samples Assume 25 samples per month analyzed for metals, VOCs, and SVOCs.
OM.2.5 Data Validation Assume 500 HRS (1 HR per sample) for data validation at $100/HR.

OM.1.0  Annual O&M Costs

Annual O&M Costs for Alternative GW-3 were assumed to consist of day-to-day treatment system operations and maintenance, periodic groundwater and process 
water monitoring events, and reporting of data and results.  For the purpose of estimating present worth costs for this alternative, it was assumed that groundwater 
monitoring would be conducted quarterly for the first five years and semi-annually thereafter; and that process water sampling would occur monthly for the first five 
years, and bimonthly thereafter.  The costs shown on Table GW-3-OM reflect those for the first five years (quarterly groundwater monitoring/monthly process water 
sampling).  Present worth analysis for years 6 to 30 assumed that monitoring costs would be half of those presented on Table GW-2-OM (i.e. sampling conducted 
semi-annually/bi-monthly rather than quarterly/monthly).

5.0  Installation of Treatment System Piping
The treatment system piping system that would be installed for the groundwater extraction system was assumed to require 3000 LF of PVC pipe to connect each of 
the extraction wells to the groundwater treatment plant.  

6.0  Treatment System Equipment

OPERATIONS AND MAINTENANCE COSTS (TABLE GW-3-OM)

The cost estimates for purchase and installation of treatment system equipment are based on costs published in trade manuals (Blue Book, etc.), acquired from 
vendors, and developed from previous cost estimates for similar projects.
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TABLE GW-4
ALTERNATIVE GW-4 CAPITAL COSTS

PLUME INTERCEPT BY IN-SITU GROUNDWATER TREATMENT AND MONITORING WITH INSTITUTIONAL CONTROLS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

1.1 Treatability Testing - Enhanced Bioremediation 1 LS $50,000.00 $50,000 [1]
1.2 Treatability Testing - Permeable Reactive Barrier 1 LS $50,000.00 $50,000 [1]
1.3 Report Preparation 80 HR $100.00 $8,000 [1]

Subtotal $108,000

2.1 Legal Fees, Deed Restrictions, Property Surveys 10 EA $20,000 $200,000 10 properties within GW plume
Subtotal $200,000

3.1 Equipment/Materials/Labor Mob/Demob 1 LS $20,000 $20,000 [1]
3.2 Field Support Facilities 1 LS $5,000 $5,000 [1]
3.3 Monthly Costs associated with Field Support 8 MONTH $4,000 $32,000 [1]

Subtotal $57,000

4.1 Drilling Oversight (Assume Two Rigs - 20,000 LF) 700 HR $85.00 $59,500 500 injection points [1]
4.2 Direct Push Borings - Geoprobe (300 LF/DAY) 70 DAY $1,200.00 $84,000 TDS, 2005
4.3 Oxidant Injection 75 TON $16,000.00 $1,200,000 Regenesis, 2005
4.4 IDW Disposal 250 EA $285.00 $71,250 [1]
4.5 Boring Abandonment 1 LS $43,150.00 $43,150 [1]

Subtotal $1,457,900

5.1 Drilling Oversight (Assume Two Rigs - 27,000 LF) 900 HR $85.00 $76,500 900 injection points [1]
5.2 Direct Push Borings - Geoprobe (300 LF/DAY) 90 DAY $1,200.00 $108,000 TDS, 2005
5.3 Oxidant Injection 90 TON $16,000.00 $1,440,000 Regenesis, 2005
5.4 IDW Disposal 330 EA $285.00 $94,050 [1]
5.5 Boring Abandonment 1 LS $58,000.00 $58,000 [1]

Subtotal $1,776,550

6.1 Draft/Final Design and Specifications 1 LS $130,000 $130,000 GeoSierra, 2005
6.2 PRB Construction, QA, and Verification Testing 1 LS $3,800,000 $4,900,000 GeoSierra, 2005

Subtotal $5,030,000

7.1 Mobilize Drill Rig and Crew 1 LS $2,700.00 $2,700 Means 2004 ER, 33 01 0101
7.2 Drilling (Assume 60 Wells, 30 LF Avg Depth) 1,800 LF $16.76 $30,168 Means 2004 ER, 33 02 0601
7.3 Install PVC Well Screens (2" diameter) 600 LF $14.28 $8,568 Means 2004 ER, 33 23 0201
7.4 Install PVC Well Casing (2" diameter) 1,200 LF $10.16 $12,192 Means 2004 ER, 33 23 0101
7.5 Install Filter Pack 720 LF $10.65 $7,668 Means 2004 ER, 33 23 1401
7.6 Install Bentonite Seal 60 EA $39.29 $2,357 Means 2004 ER, 33 23 2101
7.7 Install Annular Seal 240 LF $47.40 $11,376 Means 2004 ER, 33 23 1801
7.8 PVC Well Plugs 60 EA $19.12 $1,147 Means 2004 ER, 33 23 0301
7.9 Flush-Mount Protective Cover with Locking Cap 30 EA $309.97 $9,299 Means 2004 ER, 33 23 2211

7.10 Above-Ground Protective Casing with Locking Cap 30 EA $325.00 $9,750 Means 2004 ER, 33 23 2215
7.11 Surface Pad, Concrete 2' x 2' 60 EA $115.30 $6,918 Means 2004 ER, 33 23 1504
7.12 Well Development 60 EA $170.00 $10,200 [1]
7.13 IDW Transportation/Disposal (drums) 150 EA $285.00 $42,750 [1]

Subtotal $155,094

$8,784,544

8.0  Other Costs
8.1 Project Management (5%) $439,227 OSWER 9355.0-75
8.2 Engineering and Design (8%) $702,763 OSWER 9355.0-75
8.3 Construction Management (6%) $527,073 OSWER 9355.0-75
8.4 Location Adjustment (10%) $878,454 Means 2004 ER
8.5 Contingency (20%) $1,756,909 OSWER 9355.0-75

$4,304,426

$13,088,970
Notes:
Means 2004 ER: R.S. Means Environmental Cost Data, 10th Annual Edition, 2004.
Means 2004 HC: R.S. Means Heavy Construction Cost Data, 18th Annual Edition, 2004.
[1] Best estimate based on previous experience.

1.0  Pre-Design Investigations

5.0  In-Situ Enhanced Bioremediation - Benzene Plume in RX Area

3.0  Mobilization/Demobilization

TOTAL COST FOR REMEDIAL ALTERNATIVE GW-4 

TOTAL DIRECT COSTS

TOTAL OTHER COSTS

7.0  Monitoring Well Construction

6.0  Permeable Reactive Barrier Construction

4.0  In-Situ Enhanced Bioremediation - Benzene Plume at West Hide Pile

2.0  Institutional Controls
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TABLE GW-4-OM
ALTERNATIVE GW-4 OPERATIONS AND MAINTENANCE COSTS

PLUME INTERCEPT BY IN-SITU GROUNDWATER TREATMENT AND MONITORING WITH INSTITUTIONAL CONTROLS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

OM.1.1 Sample Collection Labor (60 wells/quarter) 800 HR $85.00 $68,000 [1]
OM.1.2 Sampling Equipment Rental 4 EA $2,000 $8,000 [1]
OM.1.3 Groundwater Sample Analyses (65 samples/quarter)

1.3.1 Metals (Arsenic) 260 EA $125 $32,500 [1]
1.3.2 VOCs 260 EA $200 $52,000 [1]
1.3.3 SVOCs 260 EA $300 $78,000 [1]

OM.1.4 Data Validation 260 HR $100 $26,000 [1]
OM.1.5 Reporting 4 EA $20,000 $80,000 [1]

Subtotal $344,500

$344,500

OM.2.0  Other O&M Costs
OM.2.1 Project Management (10%) $34,450
OM.2.2 O&M Contingency (20%) $68,900

$103,350

ANNUAL O&M COSTS ALTERNATIVE GW-4 $447,850
Notes:
[1] Best estimate based on previous experience.
Present worth analysis includes periodic cost of $50,000 for preparation of five-year review.
Present worth analysis includes periodic costs in Years 10, 20, and 30 of $1,000,000 to replace reactive media.

OM.1.0  Annual O&M Costs

TOTAL ANNUAL O&M COSTS

TOTAL OTHER O&M COSTS
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TABLE GW-4-PW
ALTERNATIVE GW-4 PRESENT WORTH ANALYSIS

PLUME INTERCEPT BY IN-SITU GROUNDWATER TREATMENT AND MONITORING WITH INSTITUTIONAL CONTROLS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS
Year Capital O&M Periodic Total Discount Factor Present Value

0 $13,088,970 0 $0 $13,088,970 7.0% 1.000 $13,088,970
1 $0 $447,850 $0 $447,850 7.0% 0.935 $418,551
2 $0 $447,850 $0 $447,850 7.0% 0.873 $391,170
3 $0 $447,850 $0 $447,850 7.0% 0.816 $365,579
4 $0 $447,850 $0 $447,850 7.0% 0.763 $341,663
5 $0 $447,850 $50,000 $497,850 7.0% 0.713 $354,960
6 $0 $223,925 $0 $223,925 7.0% 0.666 $149,211
7 $0 $223,925 $0 $223,925 7.0% 0.623 $139,449
8 $0 $223,925 $0 $223,925 7.0% 0.582 $130,326
9 $0 $223,925 $0 $223,925 7.0% 0.544 $121,800
10 $0 $223,925 $1,050,000 $1,273,925 7.0% 0.508 $647,599
11 $0 $223,925 $0 $223,925 7.0% 0.475 $106,385
12 $0 $223,925 $0 $223,925 7.0% 0.444 $99,425
13 $0 $223,925 $0 $223,925 7.0% 0.415 $92,921
14 $0 $223,925 $0 $223,925 7.0% 0.388 $86,842
15 $0 $223,925 $50,000 $273,925 7.0% 0.362 $99,283
16 $0 $223,925 $0 $223,925 7.0% 0.339 $75,851
17 $0 $223,925 $0 $223,925 7.0% 0.317 $70,889
18 $0 $223,925 $0 $223,925 7.0% 0.296 $66,251
19 $0 $223,925 $0 $223,925 7.0% 0.277 $61,917
20 $0 $223,925 $1,050,000 $1,273,925 7.0% 0.258 $329,206
21 $0 $223,925 $0 $223,925 7.0% 0.242 $54,081
22 $0 $223,925 $0 $223,925 7.0% 0.226 $50,543
23 $0 $223,925 $0 $223,925 7.0% 0.211 $47,236
24 $0 $223,925 $0 $223,925 7.0% 0.197 $44,146
25 $0 $223,925 $50,000 $273,925 7.0% 0.184 $50,470
26 $0 $223,925 $0 $223,925 7.0% 0.172 $38,559
27 $0 $223,925 $0 $223,925 7.0% 0.161 $36,036
28 $0 $223,925 $0 $223,925 7.0% 0.150 $33,679
29 $0 $223,925 $0 $223,925 7.0% 0.141 $31,476
30 $0 $223,925 $1,050,000 $1,273,925 7.0% 0.131 $167,352

TOTAL $13,088,970 $7,837,375 $3,300,000 $24,226,345 $17,791,828
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TABLE GW-4-A
ALTERNATIVE GW-4 COST ASSUMPTIONS

PLUME INTERCEPT BY IN-SITU GROUNDWATER TREATMENT AND MONITORING WITH INSTITUTIONAL CONTROLS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS
COST ESTIMATE BASIS

1.1 Legal Fees, Deed Restrictions, Site Surveys Legal fees associated with drafting and implementing deed restrictions, costs to perform property 
surveys at $20,000 per property.

3.1 Equipment Mobilization Assume less than 50 mile haul distance for all equipment.
Equipment would be mobilized and demobilized to and from the site once for this project.
Assume $200 for mob, $200 for demob per piece of equipment.
Unit costs include labor cost for equipment mob/demob.

3.2 Field Support Facilities Field support facilities will be mobilized and demobilized to and from the central field support area 
once during the course of the project.

 The following items are included in this cost line item: office trailer @ $500, storage trailer @ $500, 
dumpster @ $100, sanitary facilities @ $100, soil sampling equipment @ $2000.

3.3 Monthly Costs associated with Field Support Includes monthly rental costs for duration of project for the following: office trailer @ $400, storage 
trailer @ $200, utilities @ $200, dumpster @ $200, sampling materials @ $1250, air sampling 
equipment (PID) @ 750.

 The following items are included in this cost line item: office trailer @ $500, storage trailer @ $500, 
dumpster @ $100, sanitary facilities @ $100, soil sampling equipment @ $2000.

4.1 Drilling Oversight Assume 500 injection points, 40 LF per point = 20,000 LF drilling.
20,000 LF / 300 LF/DAY = 67 DAY drilling.  Assume 70 DAY * 10 HR/DAY oversight = 700 HR.

4.2 Direct Push Borings $1,200/DAY rate for GeoProbe based on quote from drilling contractor.
4.3 Oxidant Injection 75 TONS oxidant * $8/LB * 2000 LB/TON = $1,200,000.  Quantity based on vendor-supplied cost 

estimating spreadsheet. Oxidant cost provided by vendor.
4.4 IDW Disposal Drilling spoils for one 4-inch boring ≈ (3.14)*(2/12 LF)^2*(40 LF) ≈ 3.5 CF.

500 borings * 3.5 CF/boring ≈ 1,750 CF.  
1,750 CF * 7.48 GAL/CF ≈ 13,000 GAL.  Assume 250 55-gallon drums IDW.

4.5 Boring Abandonment Soil boring abandonment would involve backfilling the portions of the soil boring that are located 
above the water table using clean fill material.
1,750 CF ≈ 65 CY.  Assume $10/CY for material.  1 HR labor per boring @ $85/HR.
$650 for material.  $42,500 labor cost.

The treatment processes that would be used to implement this alternative would not be expected to decrease contaminant concentrations in the human 
health risk areas to levels below remediation goals in the foreseeable future.  Therefore, in order to achieve the RAOs for groundwater, institutional 
controls would be implemented on each of the properties that would be impacted by the alternative.

1.0  Pre-Design Investigations
Due to the fact that this alternative utilizes in-situ treatment technologies that are less developed than ex-situ treatment processes, and more sensitive to the site-
specific hydrogeology and groundwater geochemistry, pre-design investigations would be performed for each treatment process to verify its effectiveness.  Costs 
to perform investigations are based on information obtained from technology vendors.

2.0  Institutional Controls

DESCRIPTION

General Assumptions
Alternative GW-4 would involve construction of a permeable reactive barrier (PRB) designed to intercept groundwater prior to discharge to the HBHA 
Pond.  The PRB would be designed to remove arsenic from groundwater.  This alternative would also involve in-situ enhanced bioremediation to treat 
benzene-contaminated groundwater at the two primary source areas (Atlantic Avenue source and West Hide Pile Source).

Institutional controls, in the form of deed restrictions, would be placed on 10 properties to restrict activities and groundwater uses that might result in future 
exposures to contaminated groundwater that would present unacceptable human health risks.

4.0  In-Situ Enhanced Bioremediation - Benzene Plume at West Hide Pile
The assumed area of the oxygen injection area was 280 FT x 400 FT.  The depth to groundwater was assumed to average 20 FT below ground surface, and the 
thickness of the contaminated groundwater zone was assumed to be 20 LF (40 FT depth below ground surface).  Injection points were assumed to be installed in 
a grid with points 15 feet on center along the length and width of the contaminated area.

5.0  In-Situ Enhanced Bioremediation - Benzene Plume in RX Area

3.0  Mobilization/Demobilization

p y
Section 4.0.  For the purposes of developing estimates for this area, the treatment area was assumed to be approximately 600 FT x 350 FT in the RX benzene 
source area located along Atlantic Avenue.  Injection points would be advanced in grid formation within this area (plume areas located beneath permanent 
buildings would not be accessed).  The assumed depth to groundwater in this portion of the site was 10 feet bgs, and the treatment zone (thickness of 
contaminated groundwater zone) was assumed to be 20 feet.

Costs to construct a PRB that intercepts groundwater before it discharges to the HBHA Pond were developed based on discussions with a vendor experienced 
with the design and construction of zero-valent iron reactive barriers.  The "influent" concentration was assumed to be 1,110 ug/L and the treatment goal was 150 
ug/L.  The assumed length of the barrier was approximately 1,200 feet, and it was assumed to extend from 5 feet below ground surface to 45 feet below ground 
surface on average, although the actual barrier would follow the contours of the bedrock underlying the site.  The assumed width of the barrier was 3 inches.

6.0  Permeable Reactive Barrier

7.0  Monitoring Well Construction

For the purposes of estimating costs for the FS, it was assumed that remediation of the benzene source areas could be accomplished with one reagent injection.  
If remediation goals are not achieved after one injection (as determined through the groundwater monitoring program), a second injection may be warranted base
on data trends and observations.

p g g p g y p g
meeting remedial action objectives.  In order to accomplish these goals, it was assumed that monitoring of groundwater at 60 monitoring wells would be 
necessary.  Monitoring wells would be constructed in groups of three, with one well in each collocated group screened into the shallow, intermediate, and deep 
portions of the overburden aquifer.
Well construction details and assumptions would be as described on Table GW-2-A for Alternative 2.  
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TABLE GW-4-A
ALTERNATIVE GW-4 COST ASSUMPTIONS

PLUME INTERCEPT BY IN-SITU GROUNDWATER TREATMENT AND MONITORING WITH INSTITUTIONAL CONTROLS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS
COST ESTIMATE BASISDESCRIPTION

OM.1.1 Sample Collection Labor Assume labor for collection of samples from 60 wells at 3 HR/well = 180 HR.
Assume 20 hours per sampling event for sample processing, paperwork, and shipping.
200 hours per sampling event * 4 events/year = 800 hours per year.

OM.1.2 Sampling Equipment Rental $2000 per event for 2 week rental of groundwater pumps, multiparameter water quality meters, 
turbidity meters, water level measurement probes, field vehicle.

OM.1.3 Groundwater Sample Analyses Assume each groundwater sample analyzed for metals, VOCs, and SVOCs.
Quality control samples include 2 field duplicates, 2 equipment blanks, and 1 trip blank.

OM.1.4 Data Validation Assume 260 HRS (1 HR per sample) for data validation at $100/HR.
OM.1.5 Reporting Assume $20,000 per quarter for preparation of data summary reports.

Annual O&M Costs for Alternative GW-4 were assumed to consist of periodic groundwater monitoring events and reporting of data and results.  For the purpose o
estimating present worth costs for this alternative, it was assumed that groundwater monitoring would be conducted quarterly for the first five years and semi-
annually thereafter.  The costs shown on Table GW-4-OM reflect those for the first five years (quarterly groundwater monitoring).  Present worth analysis for years 
6 to 30 assumed that monitoring costs would be half of those presented on Table GW-4-OM (i.e. sampling conducted semi-annually rather than quarterly).

OPERATIONS AND MAINTENANCE COSTS (TABLE GW-4-OM)
OM.1.0  Annual O&M Costs
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TABLE HBHA-2-OM
ALTERNATIVE HBHA-2 OPERATIONS AND MAINTENANCE COSTS

MONITORING - HBHA POND SEDIMENTS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

OM.1.1 Mobilize Sampling Equipment and Labor 4 LS $1,000.00 $4,000 [1]
OM.1.2 Sediment Sample Collection Labor 360 HR $85.00 $30,600 [1]
OM.1.3 Sediment Sampling Equipment Rental 4 EA $2,000.00 $8,000 [1]
OM.1.4 Sediment Sampling Supplies 4 EA $2,000.00 $8,000 [1]
OM.1.5 Sediment Sample Analysis (assume 10/quarter)

1.5.1 Metals (Arsenic) 40 EA $100.00 $4,000 [1]
1.5.2 SVOCs 40 EA $250.00 $10,000 [1]

OM.1.6 Data Validation 80 HR $100.00 $8,000 [1]
OM.1.7 Reporting 4 EA $10,000.00 $40,000 [1]

$112,600

OM.2.0  Other O&M Costs
OM.2.1 Project Management (10%) $11,260 OSWER 9355.0-75
OM.2.2 O&M Contingency (15%) $16,890 OSWER 9355.0-75

$28,150

$140,750
Notes:
Capital costs would not be incurred under Alternative HBHA-2
Present worth analysis includes $50,000 every five years for five-year review.
Present worth analysis includes $50,000 in Year 5 for triad toxicity tests.
Present worth analysis assumes the costs in this table would be incurred in years 1 and 2, and for years 3-30, sediment monitoring would be 
conducted on a semi-annual basis.
[1] Best estimate based on previous experience.

OM.1.0  Annual O&M Costs

TOTAL ANNUAL O&M COSTS (YEARS 1-2)

TOTAL OTHER O&M COSTS (YEARS 1-2)

ANNUAL O&M COSTS ALTERNATIVE HBHA-2 (YEARS 1-2)
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TABLE HBHA-2-PW
ALTERNATIVE HBHA-2 PRESENT WORTH ANALYSIS

MONITORING - HBHA POND SEDIMENTS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

Year Capital O&M Periodic Total Discount Factor Present Value
0 $0 0 $0 $56,672 7.00% 1.000 $56,672
1 $0 $140,750 $0 $140,750 7.00% 0.935 $131,542
2 $0 $140,750 $0 $140,750 7.00% 0.873 $122,937
3 $0 $70,375 $0 $70,375 7.00% 0.816 $57,447
4 $0 $70,375 $0 $70,375 7.00% 0.763 $53,689
5 $0 $70,375 $100,000 $170,375 7.00% 0.713 $121,475
6 $0 $70,375 $0 $70,375 7.00% 0.666 $46,894
7 $0 $70,375 $0 $70,375 7.00% 0.623 $43,826
8 $0 $70,375 $0 $70,375 7.00% 0.582 $40,959
9 $0 $70,375 $0 $70,375 7.00% 0.544 $38,279

10 $0 $70,375 $50,000 $120,375 7.00% 0.508 $61,193
11 $0 $70,375 $0 $70,375 7.00% 0.475 $33,435
12 $0 $70,375 $0 $70,375 7.00% 0.444 $31,247
13 $0 $70,375 $0 $70,375 7.00% 0.415 $29,203
14 $0 $70,375 $0 $70,375 7.00% 0.388 $27,293
15 $0 $70,375 $50,000 $120,375 7.00% 0.362 $43,629
16 $0 $70,375 $0 $70,375 7.00% 0.339 $23,838
17 $0 $70,375 $0 $70,375 7.00% 0.317 $22,279
18 $0 $70,375 $0 $70,375 7.00% 0.296 $20,821
19 $0 $70,375 $0 $70,375 7.00% 0.277 $19,459
20 $0 $70,375 $50,000 $120,375 7.00% 0.258 $31,107
21 $0 $70,375 $0 $70,375 7.00% 0.242 $16,996
22 $0 $70,375 $0 $70,375 7.00% 0.226 $15,885
23 $0 $70,375 $0 $70,375 7.00% 0.211 $14,845
24 $0 $70,375 $0 $70,375 7.00% 0.197 $13,874
25 $0 $70,375 $50,000 $120,375 7.00% 0.184 $22,179
26 $0 $70,375 $0 $70,375 7.00% 0.172 $12,118
27 $0 $70,375 $0 $70,375 7.00% 0.161 $11,325
28 $0 $70,375 $0 $70,375 7.00% 0.150 $10,585
29 $0 $70,375 $0 $70,375 7.00% 0.141 $9,892
30 $0 $70,375 $50,000 $120,375 7.00% 0.131 $15,813

TOTAL $0 $2,252,000 $350,000 $2,658,672 $1,200,738
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TABLE HBHA-2-A
ALTERNATIVE HBHA-2 COST ASSUMPTIONS

MONITORING - HBHA POND SEDIMENTS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS
RATIONALE

OM.1.1 Mobilize Sampling Equipment and Labor Mobilize sediment sampling equipment, including watercraft at $400.
Labor for sampling effort includes 3 workers, mobilize workers at $40/each.
$520/event * 4 events/year = $2080.

OM.1.2 Sediment Sample Collection Labor Assume three 10 HR days to collect and process sediment samples - 90 HR total @ $85/HR.
90 HR/event * 4 events/YR = 360 HR.

OM.1.3 Sediment Sampling Equipment Rental Sampling equipment rental (1 week) includes: watercraft, sampling apparatus, sample handling 
equipment, real-time air monitoring instrument.

OM.1.4 Sediment Sampling Supplies Sampling supplies include consumable items such as PPE, sample shipping materials, sample 
bottleware, etc.

OM.1.5 Sediment Sample Analysis Assume samples analyzed for metals @ $100/sample and SVOCs @ $250/sample.
OM.1.6 Data Validation Tier I data validation, 80 HR @ $100/HR.
OM.1.7 Reporting One data summary report per sampling round, $10,000 per report.

Since under this alternative contamination would remain on-site above levels that allow for unlimited use and unrestricted exposure to sediment, five-year 
reviews would be required to periodically evaluate the protectiveness of the remedy.

Alternative HBHA-2 would not take any actions to contain, remove, or treat contaminated sediment in the HBHA Pond.  Alternative HBHA-2 would rely upon 
natural physical, chemical, and/or biological processes to reduce the bioavailability of contaminants in sediment, thereby reducing ecological risks due to 
contaminants in sediment.  No capital costs would be incurred to implement this alternative.

DESCRIPTION

General Assumptions

The O&M costs for Alternative HBHA-2 are assumed to consist of periodic costs to monitor contaminant concentrations in sediment at the bottom of the 
HBHA Pond (assume 10 samples per round).  For the purposes of estimating the present worth of this alternative, quarterly sampling was assumed for 
Years 1 and 2 of the remedial action, and semi-annual sampling was assumed for years 3-30 of the remedial action.  Costs in this section were calculated 
based on a quarterly sampling schedule.  For years 3-30 (semi-annual sampling), annual O&M costs were assumed to be half of those calculated for the 
quarterly sampling schedule.

OM.1.0  Annual Operations and Maintenance Costs
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TABLE HBHA-3
ALTERNATIVE HBHA-3 CAPITAL COSTS

SUBAQUEOUS CAP - HBHA POND SEDIMENTS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

1.1 Equipment Mobilization 1 LS $20,000 $20,000 [1]
1.2 Field Support Facilities 1 LS $4,200 $4,200 [1]
1.3 Monthly Costs associated with Field Support 6 MONTH $2,750 $16,500 [1]

Subtotal $40,700
2.0  Site Preparation

2.1 Clear and Grub 2 ACRE $3,150 $6,300 Means 2004 HC, 02230 100 0020
2.2 Pond Bottom Survey 1 LS $40,000 $40,000 [1]
2.3 Construct Equipment Decontamination Pad 2 EA $7,500 $15,000 Means 2004 HC
2.4 Construct Material Staging Areas 2 EA $2,500 $5,000 Means 2004 HC
2.5 Install Erosion and Sedimentation Controls 4,000 LF $3.73 $14,920 Means 2004 HC, 02370 700 1250
2.6 Sheet Piling Cofferdam (drive, extract & salvage) 12,500 SF $23.50 $293,750 Means 2004 HC, 02260 200 0060
2.7 Whalers and Connections 12,500 SF $33.50 $418,750 Means 2004 HC, 02260 200 0500
2.8 Dewatering Pump Rentals 1 LS $25,000.00 $25,000 Rain for Rent, 2005
2.9 Sand Filter Media 1 LS $15,000.00 $15,000 Rain for Rent, 2005
2.10 System Installation Labor 1 LS $2,500.00 $2,500 Rain for Rent, 2005
2.11 Operate System and Attend Pumps 90 DAY $900.00 $81,000 Rain for Rent, 2005

Subtotal $917,220

3.1 Place Geotextile 191,000 SF $2.75 $525,250 Means 2004 HC, 02340 300 1500
3.2 Sample Cap Material 24 EA $1,000.00 $24,000 [1]
3.3 Backfill with Washed Sand (12 inches) 8,000 CY $30.00 $240,000 [1]
3.4 Backfill with Wetland Substrate (6 inches) 4,000 CY $53.90 $215,600 Means 2004 ER, 18 05 0301
3.5 Equipment Decontamination (for duration of construction) 700 HR $39.56 $27,692 Means 2004 ER, 33 17 0823

Subtotal $1,004,850

$1,962,770

4.0  Other Costs
4.1 Project Management (6%) $117,766 EPA OSWER 9355.0-75
4.2 Engineering and Design (12%) $235,532 EPA OSWER 9355.0-75
4.3 Construction Management (8%) $157,022 EPA OSWER 9355.0-75
4.4 Location Adustment (10%) $196,277 Means 2004 ER
4.5 Contingency (25%) $490,693 EPA OSWER 9355.0-75

$1,197,290

$3,160,060
Notes:
Means 2004 ER: R.S. Means Environmental Cost Data, 10th Annual Edition, 2004.
Means 2004 HC: R.S. Means Heavy Construction Cost Data, 18th Annual Edition, 2004.

3.0  Placement of Subaqueous Cover

1.0  Mobilization/Demobilization

TOTAL CAPITAL COSTS FOR ALTERNATIVE HBHA-3

TOTAL DIRECT COSTS

TOTAL OTHER COSTS
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TABLE HBHA-3-OM
ALTERNATIVE HBHA-3 OPERATIONS AND MAINTENANCE COSTS

SUBAQUEOUS CAP - HBHA POND SEDIMENTS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

OM.1.1 Labor - Periodic Inspections (Quarterly) 64 HR $200.00 $12,800 [1]
OM.1.2 Equipment Mobilization/Demobilization 4 EA $5,000.00 $20,000 [1]
OM.1.3 Cap Maintenance (Assume 5% cap area per year)
1.3.1 Topsoil, Furnished and Placed 600 CY $53.90 $32,340 Means 2004 ER, 18 05 0301
1.3.2 Erosion controls/sampling 1 LS $5,000.00 $5,000 Means 2004 ER, 18 05 0402
1.3.3 Maintenance Labor 240 HR $85.00 $20,400 [1]

OM.1.4 Reporting (Annual) 1 LS $20,000.00 $20,000 [1]
Subtotal $110,540

$110,540

OM.2.0  Other O&M Costs
OM.2.1 Project Management (10%) $11,054
OM.2.2 O&M Contingency (20%) $22,108

$33,162

$143,702
Notes:
Present worth analysis includes $50,000 every five years for five-year review.
Present worth analysis includes $40,000 dollars for bathymetric survey every other year.
Means 2004 ER: R.S. Means Environmental Cost Data, 10th Annual Edition, 2004.
[1] Best estimate based on previous experience.

OM.1.0  Annual O&M Costs

TOTAL ANNUAL O&M COSTS

TOTAL OTHER O&M COSTS

ANNUAL O&M COSTS ALTERNATIVE HBHA-3
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TABLE HBHA-3-PW
ALTERNATIVE HBHA-3 PRESENT WORTH ANALYSIS

SUBAQUEOUS CAP - HBHA POND SEDIMENTS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

Year Capital O&M Periodic Total Discount Factor Present Value
0 $3,160,060 $0 $0 $3,160,060 7.0% 1.000 $3,160,060
1 $0 $143,702 $0 $143,702 7.0% 0.935 $134,301
2 $0 $143,702 $40,000 $183,702 7.0% 0.873 $160,452
3 $0 $143,702 $0 $143,702 7.0% 0.816 $117,304
4 $0 $143,702 $40,000 $183,702 7.0% 0.763 $140,145
5 $0 $143,702 $50,000 $193,702 7.0% 0.713 $138,107
6 $0 $143,702 $40,000 $183,702 7.0% 0.666 $122,408
7 $0 $143,702 $0 $143,702 7.0% 0.623 $89,490
8 $0 $143,702 $40,000 $183,702 7.0% 0.582 $106,916
9 $0 $143,702 $0 $143,702 7.0% 0.544 $78,164
10 $0 $143,702 $90,000 $233,702 7.0% 0.508 $118,802
11 $0 $143,702 $0 $143,702 7.0% 0.475 $68,272
12 $0 $143,702 $40,000 $183,702 7.0% 0.444 $81,566
13 $0 $143,702 $0 $143,702 7.0% 0.415 $59,631
14 $0 $143,702 $40,000 $183,702 7.0% 0.388 $71,243
15 $0 $143,702 $50,000 $193,702 7.0% 0.362 $70,207
16 $0 $143,702 $40,000 $183,702 7.0% 0.339 $62,226
17 $0 $143,702 $0 $143,702 7.0% 0.317 $45,492
18 $0 $143,702 $40,000 $183,702 7.0% 0.296 $54,351
19 $0 $143,702 $0 $143,702 7.0% 0.277 $39,735
20 $0 $143,702 $90,000 $233,702 7.0% 0.258 $60,393
21 $0 $143,702 $0 $143,702 7.0% 0.242 $34,706
22 $0 $143,702 $40,000 $183,702 7.0% 0.226 $41,464
23 $0 $143,702 $0 $143,702 7.0% 0.211 $30,313
24 $0 $143,702 $40,000 $183,702 7.0% 0.197 $36,216
25 $0 $143,702 $50,000 $193,702 7.0% 0.184 $35,689
26 $0 $143,702 $40,000 $183,702 7.0% 0.172 $31,633
27 $0 $143,702 $0 $143,702 7.0% 0.161 $23,126
28 $0 $143,702 $40,000 $183,702 7.0% 0.150 $27,629
29 $0 $143,702 $0 $143,702 7.0% 0.141 $20,199
30 $0 $143,702 $90,000 $233,702 7.0% 0.131 $30,701

TOTAL $3,160,060 $4,311,060 $900,000 $8,371,120 $5,290,943
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TABLE HBHA-3-A
ALTERNATIVE HBHA-3 COST ASSUMPTIONS

SUBAQUEOUS CAP - HBHA POND SEDIMENTS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

BASIS OF COST

1.1 Equipment mobilization Assume less than 50 mile haul distance for all equipment.
Equipment would be mobilized and demobilized to and from the site once for this project.
Assume $500 for mob, $500 for demob per piece of equipment.
Unit costs include labor cost for equipment mob/demob.

1.2 Field Support Facilities Field support facilities will be mobilized and demobilized to and from the central field support area 
once during the course of the project.

 The following items are included in this cost line item: office trailer @ $500, storage trailer @ $500, 
dumpster @ $100, sanitary facilities @ $100, PPE @ $3000.

1.3 Monthly Costs associated with Field Support Includes monthly rental costs for duration of project for the following: office trailer @ $400, storage 
trailer @ $200, utilities @ $200, dumpster @ $200, sampling materials @ $1000, air sampling 
equipment (PID) @ 750.

2.0  Site Preparation

2.1 Clear and Grub Assume clear and grub of approximately 2 acres at various points around perimeter of HBHA Pond
Cut & chip light trees to 6" diameter.
Crew B-7: 1 labor foreman, 4 laborers, 1 equipment operator.
1 chipping machine, 1 front-end loader, 2  chainsaws

2.2 Pond Bottom Survey Assume $40,000 for bathymetric survey to determine current Pond bottom contours for comparison 
with post-construction contours.  Cost estimate based on value published in EPA-905-B94-003 (ARCS
Remediation Guidance Document).

2.3 Construct Decontamination Pads Assumes construction of heavy equipment decontamination pads at two locations within construction 
area.
Assumptions for decontamination pad construction presented on Table SS-3-A.

2.4 Construct Material Staging Areas Assume two material staging areas to be constructed within construction zone to provide temporary 
storage for soil that is used to construct the cap.
Assumptions for staging areas presented on Table SS-3-A.

2.5 Install Erosion and Sedimentation Controls Erosion and sedimentation controls would be installed at the perimeter of all work areas where erosion
and sedimentation may impact sensitive environmental areas such as wetlands, surface water bodies, 
etc.

2.6 Sheet Piling Cofferdam Cost to drive, extract, and salvage sheet piling (barge-driven) to construct cofferdam.
Crew B-40: 1 pile driver foreman, 4 pile drivers, 2 equipment operators (crane), 1 equipment operator 
(oiler), 1 crane (40 ton), 1 vibratory hammer.  Daily rate = $6,000.

2.7 Whalers and Connections Soldier beams and lagging H-piles with 3" wood sheeting horizontal between piles.  Cost includes 
removal of wales and braces.
Crew B-50: 2 pile driver foremen, 6 pile drivers, 2 equipment operators (crane), 1 equipment operator 
(oiler), 3 laborers, 1 crane (40 ton), 60 LF leads - 15K ft lbs, 1 hammer - 15K ft lbs, 1 air compressor 
(600 CFM), 2-50 ft air hoses.  Daily rate = $7,500.

3.1 Place Geotextile Placement of geotextile along pond bottom; 191,000 SF (see Figure 2-5a)
Crew CODET: 1 laborer, 1 hydraulic excavator, 2.00 CY bucket, 1 equipment operator.  Labor costs 
included in unit cost.
191,000 SF / 22,500 SF/DAY ≈ 9 DAYS.  

3.2 Sample Cap Materials Soil samples will be collected from cap materials to verify their suitability for use as subaqueous cap a
a rate of one sample per 500 CY.

3.3 Backfill with Washed Sand Assume 1 foot of washed sand to be placed over geotextile.  $30 to furnish and place sand
Crew B-34D (5): 1 truck driver, 1 truck tractor 40 ton, 1 dump trailer 20 CY.
8,000 CY * 1 HR/50 CY ≈ 160 HR.

3.4 Backfill with Wetland Substrate Placement of topsoil (6") over washed sand.  11.5 CY/HR.
Crew CODLA: 1 equipment operator, 1 semi-skilled laborer.  Daily rate = $650
4,000 CY * 1 HR/11.5 CY ≈ 350 HR.

3.5 Equipment Decontamination Assume decontamination of heavy vehicles as they leave construction area.  Operate 1,800 PSI 
pressure washer at $39.56/HR.  Includes water, soap, electricity, and labor.  Assume operation during 
entire duration of cap placement activities.

1.0  Mobilization/Demobilization

3.0  Placement of Subaqueous Cap

Site preparation that was assumed to be necessary prior to construction activities included clearing and grubbing at certain locations around the perimeter of the 
Pond, a bathymetric survey to establish the existing contours of the Pond bottom, the construction of decontamination facilities in the material staging areas, 
construction of a stockpiling area for the cap materials that would be dumped at the site, and the installation of erosion and sedimentation controls in the areas 
where construction activities might cause excessive erosion of soils into the Pond or another surface water body in the vicinity of the Pond.

DESCRIPTION

General Assumptions
Alternative HBHA-3 includes the placement of a subaqueous cap over contaminated sediments in the HBHA Pond.  For the purposes of estimating capital costs to 
implement this alternative, the subaqueous cap was assumed to consist of 12 inches of sand overlain by 6 inches of organic-rich soil that would provide a substrat
for the redevelopment of benthic communities at the base of the Pond.  The 18-inch total cap thickness was assumed to be adequate to resist bioturbation and 
physical stressed from water currents so that ecological exposures to contaminated sediment would be prevented.

For the purposes of developing this cost estimate, it was assumed that the HBHA Pond would be dewatered and cap materials would be placed directly onto the 
dry pond bottom.

CAPITAL COSTS (TABLE HBHA-3)
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TABLE HBHA-3-A
ALTERNATIVE HBHA-3 COST ASSUMPTIONS

SUBAQUEOUS CAP - HBHA POND SEDIMENTS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

BASIS OF COSTDESCRIPTION

OM.1.1 Labor - Periodic Inspections (Quarterly) Assume 16 HR per quarter to inspect cap @ $200/HR.
OM.1.2 Equipment Mobilization/Demobilization Mob/demob repair and maintenance equipment.
OM.1.3 Cap Maintenance Cap maintenance assumed to require 5% replacement of cap volume per year.
OM.1.4 Reporting (Annual) Annual maintenance report at $20,000.

OM.1.0  Annual O&M Costs
OPERATIONS AND MAINTENANCE COSTS (TABLE HBHA-3-OM)
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TABLE HBHA-4
ALTERNATIVE HBHA-4 CAPITAL COSTS

STORMWATER BYPASS AND SEDIMENT RETENTION WITH PARTIAL DREDGING
AND PROVIDING AN ALTERNATE HABITAT

INDUSTRI-PLEX MSGRP FEASIBILITY STUDY
WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

1.1 Equipment Mobilization 1 LS $24,000 $24,000 [1]
1.2 Field Support Facilities 1 LS $3,200 $3,200 [1]
1.3 Monthly Costs associated with Field Support 6 MONTH $2,750 $16,500 [1]

Subtotal $43,700
2.0  Site Preparation

2.1 Site Access Road Construction 1,500 SY $12.55 $18,825 Means 2004 HC, 02720 200 0300
2.2 Clear and Grub 1 ACRE $3,150 $3,150 Means 2004 HC, 02230 100 0020
2.3 Construct Equipment Decontamination Pads 3 EA $7,500 $22,500 Means 2004 HC
2.4 Construct Stockpiling Areas 3 EA $2,500 $7,500 Means 2004 HC
2.5 Construct Dewatering Pads 6 EA $2,500 $15,000 Means 2004 HC
2.6 Install Erosion and Sedimentation Controls 4,000 LF $3.73 $14,920 Means 2004 HC, 02370 700 1250

Subtotal $81,895

3.1 Hydraulic Dredging, Pump to Shore 65 DAY $9,900.00 $643,500 Mineral Processing Services LLC
3.2 Dewater Sediments, Treat effluent 3 MONTH $45,000.00 $135,000 Mineral Processing Services LLC
3.3 Mob/Demob, utilities 3 MONTH $10,000.00 $30,000 Mineral Processing Services LLC

Subtotal $808,500
4.0  Transportation and Off-Site Disposal of Sediment

4.1 Load Waste into Trucks (est. 20% solids, in-place volume) 1,340 CY $2.29 $3,069 Means 2004 ER, 17 03 0277
4.2 Equipment Decontamination 520 HR $39.56 $20,571 Means 2004 ER, 33 17 0823
4.3 Transportation of Contaminated Sediment 2,010 TON $90.00 $180,900 Boston Environmental, 2005
4.4 Off-Site Disposal of Sediment (HW Landfill) 2,010 TON $240.00 $482,400 Boston Environmental, 2005

Subtotal $686,940

5.1 Spillway Construction (Stormwater Bypass) 1 LS $50,000 $50,000 [1]
5.2 Sediment Retention System
5.2.1 Sheet Piling, left in place 4,500 SF $25.00 $112,500 Means HC 2004, 02260 200 0700
5.2.2 Coffer Dam with 14" Soldier Beams/Whalers 4,500 SF $40.00 $180,000 Means HC 2004, 02260 200 0700

5.3 Surface Water Polishing Cell
5.3.1 Sheet Piling, left in place 4,500 SF $25.00 $112,500 Means HC 2004, 02260 200 0700
5.3.2 Coffer Dam with 14" Soldier Beams/Whalers 4,500 SF $40.00 $180,000 Means HC 2004, 02260 200 0700
5.3.3 Diffusion Aerator 1 LS $20,000.00 $20,000 [1]

Subtotal $655,000

6.1 Equipment/Labor Costs 20  DAY $5,000 $100,000 [1]
6.2 Erosion and Sedimentation Controls 1000 LF $2.08 $2,080 02370 700 1250
6.3 Excavate for Subgrade Preparation 150 CY $2.18 $327 Means 2004 HC, 02315 424 0200
6.4 Off-Site Transportation/Disposal of Excavated Soil 225 TON $330.00 $74,250 Boston Environmental, 2005
6.5 Place 3/4-inch Stone 200 TON $23.50 $4,700 Benevento, 2005
6.6 Line Trench with HDPE liner 60 mil 16,000 SF $2.03 $32,480 Means, 2004 ER 33-08-0572-02081
6.7 Dewatering/Pump Around and Treatment Costs 20 DAY $2,000.00 $40,000 Maverick, 2005
6.8 Line Channel with 4-6 inch stone 400 CY $20.00 $8,000 Benevento, 2005
6.9 Place Topsoil 50 CY $21.53 $1,076 Means HC, 02910 810 0400
6.10 Vegetation/Seeding 6000 SF $0.14 $840 Maverick, 2005

Subtotal $263,753

7.1 Equipment/Labor Costs 10 DAY $3,000 $30,000 [1]
7.2 Clear and Grub 7500 SF $0.17 $1,275 Means 2004 HC, 02230 100 0020
7.3 Place Geotextile 5000 SF $0.26 $1,300 Means 2004 HC, 02340 300 1500
7.4 Place 18" Soil Cover 275 CY $9.98 $2,743 [1]
7.5 Vegetation/Seeding 5000 SF $0.14 $700 Maverick, 2005

Subtotal $36,018

8.1 Property Acquisition 1 ACRE $700,000 $700,000 [1]
8.2 Site Prep/ Equipment  Mob/Demob/ Layout 1 LS 15,000.00 $15,000 [1]
8.3 Excavate  wetland (estimate 4 foot average) 8,200 CY 1.68 $13,776 Means 2004 HC, 02300 424 0260

1.0  Mobilization/Demobilization

6.0  East Drainage Ditch Liner

8.0  Provide Alternate Habitat (~1 acre)

3.0  Dredge HBHA Pond Sediments

5.0  Stormwater Bypass/Sediment Retention Construction

7.0  Permanent Erosion Control - Northern Shore of Pond
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TABLE HBHA-4
ALTERNATIVE HBHA-4 CAPITAL COSTS

STORMWATER BYPASS AND SEDIMENT RETENTION WITH PARTIAL DREDGING
AND PROVIDING AN ALTERNATE HABITAT

INDUSTRI-PLEX MSGRP FEASIBILITY STUDY
WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

8.4 Haul to stockpile area 10,250 CY 2.94 $30,135 Means 2004 HC, 02315 490 0310
8.5 Load for offiste disposal 10,250 CY 1.35 $13,838 Means 2004 HC, 02300 424 1300
8.6 Stockpile Management 1 LS 5,000.00 $5,000 [1]
8.7 Analyze/Test Fill and Topsoil (1 per 500 CY fill) 4 EA $500.00 $2,000 [1]
8.8 Import, Place, and Grade Topsoil w/ Minimal Compaction 2,000 CY $34.85 $69,700 Means 2004 HC, 02910 810 0500
8.9 Import and Install Coir Logs 150 EA $500.00 $75,000 [1]
8.10 Import and Install Coir Fiber Mats 6,000 SY $2.00 $12,000 [1]
8.11 Establish Ground Cover 55 MSF $2,500.00 $137,500 [1]
8.12 Plantings 55 MSF $2,000.00 $110,000 [1]
8.13 Mulching 55 MSF $61.55 $3,385 Means 2004 HC, 02910 500 0250

Subtotal $1,187,334

$3,763,140

9.0  Other Costs
9.1 Project Management (5%) $188,157 OSWER 9355.0-75
9.2 Engineering and Design (8%) $301,051 OSWER 9355.0-75
9.3 Construction Management (6%) $225,788 OSWER 9355.0-75
9.4 Location Adustment (10%) $376,314 Means 2004 ER
9.5 Contingency (15%) $564,471 OSWER 9355.0-75

$1,655,782

TOTAL CAPITAL COSTS FOR ALTERNATIVE HBHA-4 $5,418,921
Notes:
Means 2004 ER: R.S. Means Environmental Cost Data, 10th Annual Edition, 2004.
Means 2004 HC: R.S. Means Heavy Construction Cost Data, 18th Annual Edition, 2004.
[1] Best estimate based on previous experience.

TOTAL DIRECT COSTS

TOTAL OTHER COSTS

8.0  Provide Alternate Habitat (continued)
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TABLE HBHA-4-OM
ALTERNATIVE HBHA-4 OPERATIONS AND MAINTENANCE COSTS

STORMWATER BYPASS AND SEDIMENT RETENTION WITH PARTIAL DREDGING
AND PROVIDING AN ALTERNATE HABITAT

INDUSTRI-PLEX MSGRP FEASIBILITY STUDY
WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

OM.1.1 Periodic Inspections (Quarterly) 80 HR $100.00 $8,000 [1]
OM.1.2 Sediment Sample Collection Labor 320 HR $85.00 $27,200 [1]
OM.1.3 Sediment Sample Analysis (assume 20/quarter)

1.3.1 Metals (Arsenic) 80 EA $100.00 $8,000 [1]
1.3.2 SVOCs 80 EA $250.00 $20,000 [1]

OM.1.4 Data Validation 4 EA $10,000.00 $40,000 [1]
OM.1.5 Reporting 4 EA $5,000.00 $20,000 [1]

Subtotal $123,200

OM.2.1 Annual Maintenance 1 LS $20,000.00 $20,000 [1]
Subtotal $20,000

TOTAL ANNUAL MONITORING COSTS (Years 1-3) - quarterly monitoring $123,200
TOTAL ANNUAL MONITORING COSTS (Years 4-30) - semi-annual monitoring $61,600

TOTAL ANNUAL MAINTENANCE COSTS (Years 1-30) $20,000

OM.2.0a  Other O&M Costs (Years 1-3)
OM.2.1a Project Management (8%) $11,456 OSWER 9355.0-75
OM.2.2a O&M Contingency (15%) $21,480 OSWER 9355.0-75

Subtotal $32,936
OM.2.0b  Other O&M Costs (Years 4-30)
OM.2.1b Project Management (8%) $6,528 OSWER 9355.0-75
OM.2.2b O&M Contingency (15%) $12,240 OSWER 9355.0-75

Subtotal $18,768

ANNUAL O&M COSTS (YEARS 1-3) ALTERNATIVE HBHA-4 $176,136
ANNUAL O&M COSTS (YEARS 4-30) ALTERNATIVE HBHA-4 $100,368
Notes:
Present worth analysis includes periodic cost of $50,000 for preparation of five-year review.
Present worth analysis assumes the costs in this table would be incurred for years 1-3 of the O&M period.  In years 4-30, semi-annual monitoring/sampling was assumed.
[1] Best estimate based on previous experience.

OM.1.0  Annual Monitoring Costs (assume quarterly)

OM.2.0  Maintenance of Equipment (aerator, silt curtains, etc.)
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TABLE HBHA-4-P
ALTERNATIVE HBHA-4 PERIODIC COSTS

STORMWATER BYPASS AND SEDIMENT RETENTION WITH PARTIAL DREDGING
AND PROVIDING AN ALTERNATE HABITAT

INDUSTRI-PLEX MSGRP FEASIBILITY STUDY
WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

1.1 Equipment Mobilization 1 LS $24,000 $24,000 [1]
1.2 Field Support Facilities 1 LS $3,200 $3,200 [1]
1.3 Monthly Costs associated with Field Support 1 MONTH $2,750 $2,750 [1]

Subtotal $29,950
2.0  Site Preparation

2.1 Install Erosion and Sedimentation Controls 2,000 LF $3.73 $7,460 Means 2004 ER
Subtotal $7,460

3.1 Hydraulic Dredging, Pump to Shore 20 DAY $9,900.00 $198,000 Mineral Processing Services LLC
3.2 Dewater Sediments, Treat effluent 1 MONTH $45,000.00 $45,000 Mineral Processing Services LLC
3.3 Mob/Demob, utilities 1 MONTH $10,000.00 $10,000 Mineral Processing Services LLC

Subtotal $253,000
4.0  Transportation and Off-Site Disposal of Sediment

4.1 Load Waste into Trucks 900 CY $2.29 $2,061 Means 2004 ER, 17 03 0277
4.2 Equipment Decontamination 23 HR $39.56 $890 Means 2004 ER, 33 17 0823
4.3 Transportation of Contaminated Sediment 1,350 TON $90.00 $121,500 Boston Environmental, 2005
4.4 Off-Site Disposal of Sediment (HW Landfill) 1,350 TON $240.00 $324,000 Boston Environmental, 2005

Subtotal $448,451

$738,861

5.0  Other Costs
5.1 Project Management (5%) $36,943 OSWER 9355.0-75
5.2 Engineering and Design (8%) $59,109 OSWER 9355.0-75
5.3 Construction Management (6%) $44,332 OSWER 9355.0-75
5.4 Location Adustment (10%) $73,886 Means 2004 ER
5.5 Contingency (10%) $73,886 OSWER 9355.0-75

$288,156

TOTAL COST FOR PERIODIC DREDGING - ALTERNATIVE HBHA-4 $1,027,017
Notes:

3.0  Dredge HBHA Pond Sediments

1.0  Mobilization/Demobilization

TOTAL DIRECT COSTS

TOTAL OTHER COSTS
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TABLE HBHA-4-PW
ALTERNATIVE HBHA-4 PRESENT WORTH ANALYSIS

STORMWATER BYPASS AND SEDIMENT RETENTION WITH PARTIAL DREDGING
AND PROVIDING AN ALTERNATE HABITAT

INDUSTRI-PLEX MSGRP FEASIBILITY STUDY
WOBURN, MASSACHUSETTS

Year Capital O&M Periodic Total Discount Factor Present Value
0 $5,418,921 0 $0 $5,418,921 7.0% 1.000 $5,418,921
1 $0 $176,136 $0 $176,136 7.0% 0.935 $164,613
2 $0 $176,136 $0 $176,136 7.0% 0.873 $153,844
3 $0 $176,136 $0 $176,136 7.0% 0.816 $143,779
4 $0 $100,368 $0 $100,368 7.0% 0.763 $76,570
5 $0 $100,368 $1,077,017 $1,177,385 7.0% 0.713 $839,459
6 $0 $100,368 $0 $100,368 7.0% 0.666 $66,879
7 $0 $100,368 $0 $100,368 7.0% 0.623 $62,504
8 $0 $100,368 $0 $100,368 7.0% 0.582 $58,415
9 $0 $100,368 $0 $100,368 7.0% 0.544 $54,594
10 $0 $100,368 $1,077,017 $1,177,385 7.0% 0.508 $598,523
11 $0 $100,368 $0 $100,368 7.0% 0.475 $47,684
12 $0 $100,368 $0 $100,368 7.0% 0.444 $44,565
13 $0 $100,368 $0 $100,368 7.0% 0.415 $41,649
14 $0 $100,368 $0 $100,368 7.0% 0.388 $38,924
15 $0 $100,368 $1,077,017 $1,177,385 7.0% 0.362 $426,738
16 $0 $100,368 $0 $100,368 7.0% 0.339 $33,998
17 $0 $100,368 $0 $100,368 7.0% 0.317 $31,774
18 $0 $100,368 $0 $100,368 7.0% 0.296 $29,695
19 $0 $100,368 $0 $100,368 7.0% 0.277 $27,753
20 $0 $100,368 $1,077,017 $1,177,385 7.0% 0.258 $304,259
21 $0 $100,368 $0 $100,368 7.0% 0.242 $24,240
22 $0 $100,368 $0 $100,368 7.0% 0.226 $22,654
23 $0 $100,368 $0 $100,368 7.0% 0.211 $21,172
24 $0 $100,368 $0 $100,368 7.0% 0.197 $19,787
25 $0 $100,368 $1,077,017 $1,177,385 7.0% 0.184 $216,932
26 $0 $100,368 $0 $100,368 7.0% 0.172 $17,283
27 $0 $100,368 $0 $100,368 7.0% 0.161 $16,152
28 $0 $100,368 $0 $100,368 7.0% 0.150 $15,096
29 $0 $100,368 $0 $100,368 7.0% 0.141 $14,108
30 $0 $100,368 $1,077,017 $1,177,385 7.0% 0.131 $154,670

TOTAL $5,418,921 $3,238,344 $6,462,102 $15,119,367 $9,187,237
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TABLE HBHA-4-A
ALTERNATIVE HBHA-4 COST ASSUMPTIONS

STORMWATER BYPASS AND SEDIMENT RETENTION WITH PARTIAL DREDGING
AND PROVIDING AN ALTERNATE HABITAT

INDUSTRI-PLEX MSGRP FEASIBILITY STUDY
WOBURN, MASSACHUSETTS

RATIONALE

1.1 Equipment mobilization Assume less than 50 mile haul distance for all equipment.
Equipment would be mobilized and demobilized to and from the site once for this project.
Unit costs include labor cost for equipment mob/demob.

1.2 Field Support Facilities Field support facilities will be mobilized and demobilized to and from the central field support area 
once during the course of the project.

 The following items are included in this cost line item: office trailer @ $500, storage trailer @ $500, 
dumpster @ $100, sanitary facilities @ $100, soil sampling equipment @ $2000.

1.3 Monthly Costs associated with Field Support Includes monthly rental costs for duration of project for the following: office trailer @ $400, storage 
trailer @ $200, utilities @ $200, dumpster @ $200, sampling materials @ $1000, air sampling 
equipment (PID) @ 750.

2.0  Site Preparation

6.0  East Drainage Ditch Liner

6.1 Equipment/Labor Costs Equipment and labor costs to perform the work are based on actual costs that were incurred to 
perform a similar project at another location on the site.

6.2 Erosion and Sedimentation Controls Erosion and sedimentation controls (hay bales and silt fence) would be installed at the perimeter of the
work area, on either side of the portion of the east drainage ditch that is being stabilized.

6.3 Excavate for Subgrade Preparation In order to prepare the ditch for the liner and backfill material, approximately 3 inches of soil would be 
stripped from the surface, stockpiled, and transported for off-site disposal.

1.0  Mobilization/Demobilization

3.0  Dredge HBHA Pond Sediments

Site preparation assumptions are similar to those presented on Table NS-4-A for Alternative NS-4.  Quantities have been adjusted accordingly to account for the 
differences in site conditions in the HBHA Pond area versus the remediation areas that are impacted by Alternative NS-4.

DESCRIPTION

General Assumptions
Alternative HBHA-4 is a sediment remediation alternative that includes partial dredging of the HBHA Pond (see Figure 4-3) using hydraulic dredging 
techniques.  Dredged material would be dewatered and transported to an off-site disposal facility.  For the purpose of estimating costs for the feasibility 
study.  It was assumed that dewatered sediment would be characterized as hazardous waste based on the concentration of arsenic present, and would 
require disposal at a RCRA hazardous waste landfill.

Under this alternative, the portions of the HBHA Pond that are not dredged would be isolated from the remainder of the Pond by a low-head coffer dam 
constructed using sheet piling; and a series of surface water flow controls would be constructed in the contaminated portion of the Pond with the goal of 
preventing storm flow conditions.  A stormwater bypass would be constructed where Halls Brook discharges to the Pond and surface water flow mitigation 
structures would be constructed to promote sedimentation within the contaminated areas of the Pond.

The stormwater bypass (spillway) that would be constructed as part of Alternative HBHA-4 would consist of a concrete structure as depicted on Figure 4-x.  The 
cost estimate provided for construction and installation of the structure is based on an estimate of labor and material costs associated with the construction of 
similar types of concrete structures.
Sheet piling would be used to construct the low-head coffer dam used to separate the dredged portions of the Pond from the contaminated portion of the Pond.  
This sheet piling would be driven from a barge situated on the Pond.  The estimated costs to construct the sheet pile coffer dam are based on published unit costs 
for sheet pile installation.
A portion of the dredged area of the HBHA Pond (located immediately to the south of the sediment retention area) would be isolated from the southernmost area o
the Pond by a second coffer dam, constructed in a similar manner to the northern coffer dam.  This area would be utilized as a secondary treatment area to polish 
the effluent from the sediment retention area prior to discharge into the HBHA Pond.  This secondary treatment area would include a diffusion aerator at the base o
the Pond to provide a continuing source of oxygen to surface water in the Pond so that residual arsenic or benzene contamination that remains in surface water as 
it leaves the sediment retention area can be treated prior to entering the HBHA Pond and Halls Brook Holding Area.  The cost assumptions for the construction of 
this area assumes a coffer dam built in the same manner as the northern coffer dam, and installation of an aerator at the Pond bottom (including 
construction/installation of utilities required to operate the aerator).

5.0  Stormwater Bypass/Sediment Retention Construction

The cost estimates and remedial time frames that are presented in the cost estimate for hydraulic dredging in the HBHA Pond are based on discussions with a 
dredging contractor with experience performing dredging projects similar to those proposed for this alternative.

The sediment that would be dredged from the HBHA Pond was assumed to contain approximately 20 percent solids.  This estimate was based on observations 
made during sediment investigations in the Pond during the Remedial Investigation.  For the purposes of estimating disposal quantities for the cost estimate, it was
therefore assumed that 6,700 CY of sediment (in place), as estimated above, would translate to approximately 1,340 CY of solids that would require off-site 
disposal.
For the purpose of estimating off-site disposal requirements, 1 CY of solids was assumed to weigh 1.5 tons, resulting in 2,010 tons of solids to be loaded into 
trucks and transported to the off-site landfill facility.  Decontamination of heavy equipment would be performed for the duration of transportation and disposal 
activities to prevent the transport of contaminated material onto public or private roadways adjacent to the work site.
The cost estimates for transportation and disposal of contaminated sediment are based on a quote from a disposal contractor, assuming that the sediment that is 
dredged from the Pond is characterized as hazardous based on the concentrations of arsenic present.  Waste characterization samples would be collected from 
stockpiled sediments to verify this assumption.  Costs for the collection and analysis of waste characterization samples are included in the disposal cost estimate.

4.0  Transportation and Off-Site Disposal Sediment

Under this alternative, sediments would be dredged from an area of the HBHA Pond encompassing approximately 135,000 SF.  The assumed thickness of 
contaminated sediments in the Pond was 16 inches.  135,000 SF * 1.33 LF = 180,000 CF ≈ 6,700 CY in place.

One work week (5 days) assumed for mobilization of labor and equipment for this alternative.

Under this alternative, the east drainage ditch, which provides a surface water input to the Pond, would be stabilized to prevent the transport of contaminated 
sediment into the Pond.  The stabilization of the ditch would include excavation of surface soil in the ditch, placement of an impermeable liner, and placing clean 
backfill material over the liner.   
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TABLE HBHA-4-A
ALTERNATIVE HBHA-4 COST ASSUMPTIONS

STORMWATER BYPASS AND SEDIMENT RETENTION WITH PARTIAL DREDGING
AND PROVIDING AN ALTERNATE HABITAT

INDUSTRI-PLEX MSGRP FEASIBILITY STUDY
WOBURN, MASSACHUSETTS

RATIONALEDESCRIPTION

6.0  East Drainage Ditch Liner (continued)
6.4 Off-Site Transportation/Disposal of Excavated Soil Off-site transportation and disposal costs are based on a vendor quote for disposal of soil as a RCRA 

hazardous waste.  The assumption that excavated soil would be classified as hazardous was based 
on the concentrations of arsenic that are present.  The actual hazardous/non-hazardous classification 
will be determined from the collection of waste characterization soil samples from stockpiled soil.

6.5 Place 3/4-inch Stone 3/4-inch stone would be placed at the base of the excavated ditch.  Equipment and labor costs are 
included in line item 6.1.  This line item includes the cost to deliver materials to the work site.

6.6 Line Trench with HDPE liner 60 mil The ditch would be lined with a 60 mil impermeable HDPE liner.  Unit cost based on R.S. Means 
Environmental Unit Cost value.

6.7 Dewatering/Pump Around and Treatment Costs During performance of the work, water flowing through the drainage ditch would be diverted around 
the work area using a pump around system.  Water that is pumped around the ditch would be treated 
to remove any contaminants or suspended solids.  The price for this system is based on actual costs 
to perform a pump-around with treatment for another project on the Industri-Plex site.

6.8 Line Channel with 4-6 inch stone The newly stabilized channel would be lined with 4 to 6 inch stone to provide permanent erosion 
control.  The labor and equipment costs to perform this work are included in line item 6.1  This line 
item includes the cost to purchase and deliver the materials.

6.9 Place Topsoil Backfill ditch with topsoil with FE loader.  Crew B-10S: 1 equipment operator, 0.5 laborer, 1 FE loader.
Daily rate = $850.

6.10 Vegetation/Seeding Vegetate ditch for erosion control.  Costs provided by contractor, based on actual costs incurred at 
another project on the site.

7.1 Equipment/Labor Costs Equipment and labor costs to perform the work are based on actual costs that were incurred to 
perform a similar project at another location on the site.

7.2 Clear and Grub Cut and chip light trees to 6" diameter.
Crew B-7: 1 labor foreman, 4 laborers, 1 equipment operator, 1 chipping machine, 1 FE loader, 2 
chain saws.  Daily rate = $3,200.

7.3 Place Geotextile Geotextile fabric, woven, 200 lb tensile strength, placed along the north shore of the Pond.
7.4 Place 18" Soil Cover 18" soil cover placed over geotextile and lightly compacted.
7.5 Vegetation/Seeding Vegetate ditch for erosion control.  Costs provided by contractor, based on actual costs incurred at 

another project on the site.

OM.1.1 Periodic Inspections (Quarterly) Assume 20 HR per inspection, quarterly inspections.
OM.1.2 Sediment Sample Collection Labor Assume 80 HR sampler labor to collect quarterly sediment samples.
OM.1.3 Sediment Sample Analysis Assume 20 samples per event (quarterly sampling) analyzed for metals (arsenic) and SVOCs.  

Analytical costs based on actual costs to analyze samples for these parameters.
OM.1.4 Data Validation Data validation quarterly at $10,000 per sampling event.  Based on previous costs.
OM.1.5 Reporting Data report preparation quarterly at $5,000 per event.

Note: 
Present worth analysis includes periodic dredging costs in the northern portion of the Pond to remove contaminated sediment that accumulates in the
   Pond.  The costs to perform this dredging operation are based on discussions with a dredging contractor with experience performing dredging 
   projects similar to the once required to implement this alternative.  Further detail on the assumptions and basis of cost for this work in provided on
   Table HBHA-5-A under the assumptions for Alternative HBHA-5 (Removal and Off-Site Disposal).

OPERATIONS AND MAINTENANCE COSTS (TABLE HBHA-4-OM)
OM.1.0  Annual O&M Costs

7.0  Permanent Erosion Control - Northern Shore of Pond
In order to prevent erosion of soil from the northern shore of the Pond, soils would be stabilized by placing an 18" soil cover underlain by a geotextile.  The soil 
cover would be vegetated to prevent erosion of the cover into the HBHA Pond.

The costs to provide an alternate habitat were included in the estimate for Alternative HBHA-4 since no measures would be taken to remediate or remove the 
continuing source of contamination to surface water that is impacting ecological receptors in the northern portion of the HBHA Pond.  

8.0  Provide Alternate Habitat

The area for which compensatory wetlands would need to be constructed in order to provide the alternate habitat is estimated to be 55,000 square feet.  This area 
includes the impacted area of the HBHA Pond (sediment retention area and secondary treatment area) and the impacted portions of the New Boston Street 
Drainway (600 feet x 5 feet wide).  The assumptions and basis of cost that are presented in this estimate are the same as described for Alternative SW-3, which 
also involves the creation of a compensatory wetland.  
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TABLE HBHA-5
ALTERNATIVE HBHA-5 CAPITAL COSTS

REMOVAL AND OFF-SITE DISPOSAL - HBHA POND SEDIMENTS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

1.1 Equipment Mobilization 1 LS $24,000 $24,000 [1]
1.2 Field Support Facilities 1 LS $3,200 $3,200 [1]
1.3 Monthly Costs associated with Field Support 6 MONTH $4,000 $24,000 [1]

Subtotal $51,200
2.0  Site Preparation

2.1 Site Access Road Construction 2,500 SY $12.55 $31,375 Means 2004 HC, 02720 200 0300
2.2 Clear and Grub 1 ACRE $3,150 $3,150 Means 2004 HC, 02230 100 0020
2.3 Construct Equipment Decontamination Pads 3 EA $7,500 $22,500 Means 2004 HC
2.4 Construct Stockpiling Area 1 LS $2,500 $2,500 Means 2004 HC
2.5 Construct Stockpiling Areas 3 EA $2,500 $7,500 Means 2004 HC
2.6 Construct Dewatering Pads 6 EA $2,500 $15,000 Means 2004 HC
2.7 Install Erosion and Sedimentation Controls 2,000 LF $3.73 $7,460 Means 2004 HC, 02370 700 1250

Subtotal $89,485

3.1 Hydraulic Dredging, Pump to Shore 80 DY $9,900.00 $792,000 Mineral Processing Services LLC
3.2 Dewater Sediments, Treat effluent 4 MONTH $45,000.00 $180,000 Mineral Processing Services LLC
3.3 Mob/Demob, utilities, 4 MONTH $10,000.00 $40,000 Mineral Processing Services LLC

Subtotal $1,012,000
4.0  Transportation and Off-Site Disposal of Sediment

4.1 Load Waste into Trucks 1,880 CY $2.29 $4,305 Means 2004 ER, 17 03 0277
4.2 Equipment Decontamination 47 HR $39.56 $1,859 Means 2004 ER, 33 17 0823
4.3 Transportation of Contaminated Sediment 2,820 TON $90.00 $253,800 Boston Environmental, 2005
4.4 Off-Site Disposal of Sediment (HW Landfill) 2,820 TON $240.00 $676,800 Boston Environmental, 2005

Subtotal $936,765

5.1 Equipment/Labor Costs 20  DAY $5,000 $100,000 [1]
5.2 Erosion and Sedimentation Controls 1000 LF $2.08 $2,080 02370 700 1250
5.3 Excavate for Subgrade Preparation 150 CY $2.18 $327 Means 2004 HC, 02315 424 0200
5.4 Off-Site Transportation/Disposal of Excavated Soil 225 TON $330.00 $74,250 Boston Environmental, 2005
5.5 Place 3/4-inch Stone 200 TON $23.50 $4,700 Benevento, 2005
5.6 Line Trench with HDPE liner 60 mil 16,000 SF $2.03 $32,480 Means, 2004 ER 33-08-0572-02081
5.7 Dewatering/Pump Around and Treatment Costs 20 DAY $2,000.00 $40,000 Maverick, 2005
5.8 Line Channel with 4-6 inch stone 400 CY $20.00 $8,000 Benevento, 2005
5.9 Place Topsoil 50 CY $21.53 $1,076 Means HC, 02910 810 0400
5.10 Vegetation/Seeding 6000 SF $0.14 $840 Maverick, 2005

Subtotal $263,753

6.1 Equipment/Labor Costs 10 DAY $3,000 $30,000 [1]
6.2 Clear and Grub 7500 SF $0.17 $1,275 Means 2004 HC, 02230 100 0020
6.3 Place Geotextile 5000 SF $0.26 $1,300 Means 2004 HC, 02340 300 1500
6.4 Place 18" Soil Cover 275 CY $9.98 $2,743 [1]
6.5 Vegetation/Seeding 5000 SF $0.14 $700 Maverick, 2005

Subtotal $36,018

$2,389,221

7.0  Other Costs
7.1 Project Management (5%) $119,461 OSWER 9355.0-75
7.2 Engineering and Design (8%) $191,138 OSWER 9355.0-75
7.3 Construction Management (6%) $143,353 OSWER 9355.0-75
7.4 Location Adustment (10%) $238,922 Means 2004 ER
7.5 Contingency (20%) $477,844 OSWER 9355.0-75

$1,170,718

$3,559,939
Notes:
Means 2004 ER: R.S. Means Environmental Cost Data, 10th Annual Edition, 2004.
Means 2004 HC: R.S. Means Heavy Construction Cost Data, 18th Annual Edition, 2004.
[1] Best estimate based on previous experience.

3.0  Dredge HBHA Pond Sediments

1.0  Mobilization/Demobilization

TOTAL CAPITAL COSTS FOR ALTERNATIVE HBHA-5 

TOTAL DIRECT COSTS

TOTAL OTHER COSTS

5.0  East Drainage Ditch Liner

6.0  Permanent Erosion Control - Northern Shore of Pond
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TABLE HBHA-5-OM
ALTERNATIVE HBHA-5 OPERATIONS AND MAINTENANCE COSTS
REMOVAL AND OFF-SITE DISPOSAL - HBHA POND SEDIMENTS

INDUSTRI-PLEX MSGRP FEASIBILITY STUDY
WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

OM.1.1 Periodic Inspections (Quarterly) 40 HR $100.00 $4,000 [1]
Subtotal $4,000

OM.2.1 Technician Labor 500 HR $100.00 $50,000 [1]
OM.2.2 Supplemental Fill Material 60 CY $30.00 $1,800 Means 2004 ER
OM.2.3 Planting Maintenance (10% of planting costs) 1 LS $6,400.00 $6,400 [1]
OM.2.4 Annual Flora/Fauna Survey 1 LS $15,000.00 $15,000 [1]

Subtotal
$73,200

OM.3.0  Other O&M Costs
OM.3.1 Project Management (10%) $7,320 OSWER 9355.0-75
OM.3.2 O&M Contingency (20%) $14,640 OSWER 9355.0-75

$21,960

$95,160
Notes:
For Alternative HBHA-5, wetland maintenance was only assumed necessary for three years after construction.
Means 2004 ER: R.S. Means Environmental Cost Data, 10th Annual Edition, 2004.
[1] Best estimate based on previous experience.

ANNUAL O&M COSTS ALTERNATIVE NS-4

OM.1.0  Annual O&M Costs

OM.2.0  Wetland Restoration Costs

TOTAL ANNUAL O&M COSTS

TOTAL OTHER O&M COSTS
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TABLE HBHA-5-PW
ALTERNATIVE HBHA-5 PRESENT WORTH ANALYSIS

REMOVAL AND OFF-SITE DISPOSAL - HBHA POND SEDIMENTS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

Year Capital O&M Periodic Total Discount Factor Present Value
0 $3,559,939 0 $0 $3,559,939 7.0% 1.000 $3,559,939
1 $0 $95,160 $0 $95,160 7.0% 0.935 $88,935
2 $0 $95,160 $0 $95,160 7.0% 0.873 $83,116
3 $0 $95,160 $0 $95,160 7.0% 0.816 $77,679
4 $0 $0 $0 $0 7.0% 0.763 $0
5 $0 $0 $0 $0 7.0% 0.713 $0
6 $0 $0 $0 $0 7.0% 0.666 $0
7 $0 $0 $0 $0 7.0% 0.623 $0
8 $0 $0 $0 $0 7.0% 0.582 $0
9 $0 $0 $0 $0 7.0% 0.544 $0
10 $0 $0 $0 $0 7.0% 0.508 $0
11 $0 $0 $0 $0 7.0% 0.475 $0
12 $0 $0 $0 $0 7.0% 0.444 $0
13 $0 $0 $0 $0 7.0% 0.415 $0
14 $0 $0 $0 $0 7.0% 0.388 $0
15 $0 $0 $0 $0 7.0% 0.362 $0
16 $0 $0 $0 $0 7.0% 0.339 $0
17 $0 $0 $0 $0 7.0% 0.317 $0
18 $0 $0 $0 $0 7.0% 0.296 $0
19 $0 $0 $0 $0 7.0% 0.277 $0
20 $0 $0 $0 $0 7.0% 0.258 $0
21 $0 $0 $0 $0 7.0% 0.242 $0
22 $0 $0 $0 $0 7.0% 0.226 $0
23 $0 $0 $0 $0 7.0% 0.211 $0
24 $0 $0 $0 $0 7.0% 0.197 $0
25 $0 $0 $0 $0 7.0% 0.184 $0
26 $0 $0 $0 $0 7.0% 0.172 $0
27 $0 $0 $0 $0 7.0% 0.161 $0
28 $0 $0 $0 $0 7.0% 0.150 $0
29 $0 $0 $0 $0 7.0% 0.141 $0
30 $0 $0 $0 $0 7.0% 0.131 $0

TOTAL $3,559,939 $285,480 $0 $3,845,419 $3,809,669
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TABLE HBHA-5-A
ALTERNATIVE HBHA-5 COST ASSUMPTIONS

REMOVAL AND OFF-SITE DISPOSAL - HBHA POND SEDIMENTS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

RATIONALE

1.1 Equipment mobilization Assume less than 50 mile haul distance for all equipment.
Equipment would be mobilized and demobilized to and from the site once for this project.
Unit costs include labor cost for equipment mob/demob.

1.2 Field Support Facilities Field support facilities will be mobilized and demobilized to and from the central field support area 
once during the course of the project.

 The following items are included in this cost line item: office trailer @ $500, storage trailer @ $500, 
dumpster @ $100, sanitary facilities @ $100, soil sampling equipment @ $2000.

1.3 Monthly Costs associated with Field Support Includes monthly rental costs for duration of project for the following: office trailer @ $400, storage 
trailer @ $200, utilities @ $200, dumpster @ $200, sampling materials @ $1000, air sampling 
equipment (PID) @ 750.

2.0  Site Preparation

The cost estimates and remedial time frames that are presented in the cost estimate for hydraulic dredging in the HBHA Pond are based on discussions with a 
dredging contractor with experience performing dredging projects similar to those proposed for this alternative.

The assumptions and basis of cost for the stabilization of the East Drainage Ditch are presented on Table HBHA-4-A (Alternative HBHA-4).  The work that 
would be conducted under this alternative would be identical to that which is included in Alternative HBHA-4.

6.0  Permanent Erosion Control - Northern Shore of Pond
The assumptions and basis of cost for permanent erosion control along the northern shore of the HBHA Pond are presented on Table HBHA-4-A (Alternative 
HBHA-4).  The work that would be conducted under this alternative would be identical to that which is included in Alternative HBHA-4.

The sediment that would be dredged from the HBHA Pond was assumed to contain approximately 20 percent solids.  This estimate was based on observations 
made during sediment investigations in the Pond during the Remedial Investigation.  For the purposes of estimating disposal quantities for the cost estimate, it 
was therefore assumed that 9,400 CY of sediment (in place), as estimated above, would translate to approximately 1,880 CY of solids that would require off-site
disposal.
For the purpose of estimating off-site disposal requirements, 1 CY of solids was assumed to weigh 1.5 tons, resulting in 2,820 tons of solids to be loaded into 
trucks and transported to the off-site landfill facility.  Decontamination of heavy equipment would be performed for the duration of transportation and disposal 
activities to prevent the transport of contaminated material onto public or private roadways adjacent to the work site.
The cost estimates for transportation and disposal of contaminated sediment are based on a quote from a disposal contractor, assuming that the sediment that 
is dredged from the Pond is characterized as hazardous based on the concentrations of arsenic present.  Waste characterization samples would be collected 
from stockpiled sediments to verify this assumption.  Costs for the collection and analysis of waste characterization samples are included in the disposal cost 
estimate.

5.0  East Drainage Ditch Liner

4.0  Transportation and Off-Site Disposal Sediment

Under this alternative, sediments would be dredged from an area of the HBHA Pond encompassing approximately 190,000 SF.  The assumed thickness of 
contaminated sediments in the Pond was 16 inches.  191,000 SF * 1.33 LF ≈ 254,000 CF ≈ 9,400 CY in place.

DESCRIPTION

General Assumptions
Alternative HBHA-5 involved hydraulic dredging of sediments throughout the entire HBHA Pond and off-site disposal of sediments.  Similar to HBHA-4, 
the alternative includes stabilization of the East Drainage Ditch and the Northern Shore of the Pond to prevent erosion of contaminated soil/sediment 
into the Pond.

3.0  Dredge HBHA Pond Sediments

1.0  Mobilization/Demobilization

Site preparation assumptions are similar to those presented on Table NS-4-A for Alternative NS-4.  Quantities have been adjusted accordingly to account for th
differences in site conditions in the HBHA Pond area versus the remediation areas that are impacted by Alternative NS-4.

One work week (5 days) assumed for mobilization of labor and equipment for this alternative.
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TABLE NS-2
ALTERNATIVE NS-2 CAPITAL COSTS

INSTITUTIONAL CONTROLS - NEAR SHORE SEDIMENT
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

1.1 Legal Fees, Deed Restrictions, Property Survey 1 EA $20,000 $20,000 [1]
1.2 6-Foot Galvanized Chain-Link Fence 1,000 LF $29.00 $29,000 Means HC 2004, 02820 130 0900
1.3 Access Gates 3 EA $330.00 $990 Means HC 2004, 02820 130 1500

Subtotal $49,990

$49,990

2.0  Other Costs
2.1 Project Management (10%) $4,999 OSWER 9355.0-75
2.2 Construction Management (15%) $7,499 OSWER 9355.0-75
2.3 Contingency (15%) $7,499 OSWER 9355.0-75

$19,996

TOTAL CAPITAL COSTS FOR ALTERNATIVE NS-2 $69,986
Notes:
Means 2004 HC: R.S. Means Heavy Construction Cost Data, 18th Annual Edition, 2004.
[1] Best estimate based on previous experience.

1.0  Institutional Controls

TOTAL DIRECT COSTS

TOTAL OTHER COSTS
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TABLE NS-2-OM
ALTERNATIVE NS-2 OPERATIONS AND MAINTENANCE COSTS

INSTITUTIONAL CONTROLS - NEAR SHORE SEDIMENT
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

OM.1.1 Periodic Inspections (Quarterly) 40 HR $100.00 $4,000 [1]
OM.1.2 Fence Repairs (Assume 20 LF/YR) 20 LF $29.00 $580 Means HC, 02820 130 0900
OM.1.3 Reporting (Quarterly) 4 EA $2,000.00 $8,000 [1]

Subtotal $12,580

$12,580

OM.2.0  Other Costs
OM.2.1 Project Management (10%) $1,258 OSWER 9355.0-75
OM.2.2 O&M Contingency (20%) $2,516 OSWER 9355.0-75

$3,774

$16,354
Notes:
Present worth analysis includes periodic cost of $30,000 for preparation of five-year review.
Means 2004 HC: R.S. Means Heavy Construction Cost Data, 18th Annual Edition, 2004.
[1] Best estimate based on previous experience.

OM.1.0  Annual O&M Costs

TOTAL ANNUAL O&M COSTS

TOTAL OTHER O&M COSTS

ANNUAL O&M COSTS ALTERNATIVE NS-2
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TABLE NS-2-PW
ALTERNATIVE NS-2 PRESENT WORTH ANALYSIS

INSTITUTIONAL CONTROLS - NEAR SHORE SEDIMENT
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

Year Capital O&M Periodic Total Discount Factor Present Value
0 $69,986 0 $0 $69,986 7.0% 1.000 $69,986
1 $0 $16,354 $0 $16,354 7.0% 0.935 $15,284
2 $0 $16,354 $0 $16,354 7.0% 0.873 $14,284
3 $0 $16,354 $0 $16,354 7.0% 0.816 $13,350
4 $0 $16,354 $0 $16,354 7.0% 0.763 $12,476
5 $0 $16,354 $30,000 $46,354 7.0% 0.713 $33,050
6 $0 $16,354 $0 $16,354 7.0% 0.666 $10,897
7 $0 $16,354 $0 $16,354 7.0% 0.623 $10,184
8 $0 $16,354 $0 $16,354 7.0% 0.582 $9,518
9 $0 $16,354 $0 $16,354 7.0% 0.544 $8,895
10 $0 $16,354 $30,000 $46,354 7.0% 0.508 $23,564
11 $0 $16,354 $0 $16,354 7.0% 0.475 $7,770
12 $0 $16,354 $0 $16,354 7.0% 0.444 $7,261
13 $0 $16,354 $0 $16,354 7.0% 0.415 $6,786
14 $0 $16,354 $0 $16,354 7.0% 0.388 $6,342
15 $0 $16,354 $30,000 $46,354 7.0% 0.362 $16,801
16 $0 $16,354 $0 $16,354 7.0% 0.339 $5,540
17 $0 $16,354 $0 $16,354 7.0% 0.317 $5,177
18 $0 $16,354 $0 $16,354 7.0% 0.296 $4,839
19 $0 $16,354 $0 $16,354 7.0% 0.277 $4,522
20 $0 $16,354 $30,000 $46,354 7.0% 0.258 $11,979
21 $0 $16,354 $0 $16,354 7.0% 0.242 $3,950
22 $0 $16,354 $0 $16,354 7.0% 0.226 $3,691
23 $0 $16,354 $0 $16,354 7.0% 0.211 $3,450
24 $0 $16,354 $0 $16,354 7.0% 0.197 $3,224
25 $0 $16,354 $30,000 $46,354 7.0% 0.184 $8,541
26 $0 $16,354 $0 $16,354 7.0% 0.172 $2,816
27 $0 $16,354 $0 $16,354 7.0% 0.161 $2,632
28 $0 $16,354 $0 $16,354 7.0% 0.150 $2,460
29 $0 $16,354 $0 $16,354 7.0% 0.141 $2,299
30 $0 $16,354 $30,000 $46,354 7.0% 0.131 $6,089

TOTAL $69,986 $490,620 $180,000 $740,606 $337,658
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TABLE NS-2-A
ALTERNATIVE NS-2 COST ASSUMPTIONS

INSTITUTIONAL CONTROLS - NEAR SHORE SEDIMENT
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

COST ESTIMATE BASIS

1.1 Legal Fees, Deed Restrictions, Property Surveys Legal fees associated with drafting and implementing deed restrictions, costs to perform property 
surveys at $20,000 per property.

1.2 6-Foot Galvanized Chain-Link Fence Aluminized steel chain-link fence, 6' high, installed.
Crew B-80: 1 labor foreman, 1 laborer, 1 truck driver, 1 equipment operator, 1 flatbed truck, 1 fence 
post auger.  Daily rate = $2000.
1000 LF / 250 LF/day = 4 days.

1.3 Access Gates 3 access gates, 6' high, 3' wide.  1 day.

OM.1.1 Periodic Inspections (Quarterly)
Assume 10 hours per quarter for inspections to verify the effectiveness of institutional controls at 
preventing exposure to sediment in Wells G&H wetland and Cranberry Bog Conservation Area.

OM.1.2 Fence Repairs Assume 2% (20 LF) per year @ $29/LF.
OM.1.3 Inspection Reports (Quarterly) Assume $2000 per quarter for the preparation of inspection reports to document quarterly inspection

activities and findings. 

OM.1.0  Annual O&M Costs

1.0  Institutional Controls

OPERATIONS AND MAINTENANCE COSTS (TABLE NS-2-OM)

DESCRIPTION

CAPITAL COSTS (TABLE NS-2)
General Assumptions

Alternative NS-2 involves the imposition of institutional controls on each of the properties that are located within the near-shore sediment contaminated areas 
that are depicted on Figures 2-5b and 2-5c of the FS.  For the purposes of estimating cost for the FS, it was assumed that these areas were all located on 
one property.  Institutional controls would include deed restrictions to control or prevent activities that might result in future exposures to sediment containing 
arsenic in excess of the human health PRGs that were developed for near-shore sediment (300 mg/kg in Reach 1 and 230 mg/kg in Reach 2N); and the 
construction of a fence at the perimeter of the areas where existing sediment could pose a future human health risk if the current exposure frequency were to 
be maintained in the future. 
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TABLE NS-3
ALTERNATIVE NS-3 CAPITAL COSTS

MONITORING WITH INSTITUTIONAL CONTROLS - NEAR SHORE SEDIMENTS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

1.1 Legal Fees, Deed Restrictions 1 LS $20,000 $20,000 [1]
1.2 6-Foot Galvanized Chain-Link Fence 1,000 LF $29.00 $29,000 Means HC 2004, 02820 0900
1.3 Access Gates 3 EA $330.00 $990 Means HC 2004, 02820 1500

Subtotal $49,990

$49,990

2.0  Other Costs
2.1 Project Management (10%) $4,999 OSWER 9355.0-75
2.2 Construction Management (15%) $7,499 OSWER 9355.0-75
2.3 Contingency (15%) $7,499 OSWER 9355.0-75

$19,996

$69,986
Notes:
Means 2004 HC: R.S. Means Heavy Construction Cost Data, 18th Annual Edition, 2004.
[1] Best estimate based on previous experience.

1.0  Institutional Controls

TOTAL CAPITAL COSTS FOR ALTERNATIVE NS-3 

TOTAL DIRECT COSTS

TOTAL OTHER COSTS
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TABLE NS-3-OM
ALTERNATIVE NS-3 OPERATIONS AND MAINTENANCE COSTS

MONITORING WITH INSTITUTIONAL CONTROLS - NEAR SHORE SEDIMENTS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

OM.1.1 Periodic Inspections (Quarterly) 40 HR $100.00 $4,000 [1]
OM.1.2 Fence Repairs (Assume 20 LF/YR) 20 LF $29.00 $580 Means HC, 02820 130 0900
OM.1.3 Sediment Sample Collection Labor (80 HR/quarter) 320 HR $85.00 $27,200 [1]
OM.1.4 Sediment Sample Analysis (assume 20/quarter)

1.4.1 Metals (Arsenic) 80 EA $100.00 $8,000 [1]
1.4.2 SVOCs 80 EA $250.00 $20,000 [1]

OM.1.5 Data Validation 80 HR $100.00 $8,000 [1]
OM.1.6 Reporting 4 EA $10,000.00 $40,000 [1]

$107,780

OM.2.0  Other O&M Costs
OM.2.1 Project Management (10%) $10,778 OSWER 9355.0-75
OM.2.2 O&M Contingency (15%) $16,167 OSWER 9355.0-75

$26,945

ANNUAL O&M COSTS ALTERNATIVE NS-3 $134,725
Notes:
Means 2004 HC: R.S. Means Heavy Construction Cost Data, 18th Annual Edition, 2004.
Present worth analysis includes periodic cost of $30,000 for preparation of five-year review.
[1] Best estimate based on previous experience.

OM.1.0  Annual O&M Costs

TOTAL ANNUAL O&M COSTS

TOTAL OTHER O&M COSTS
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TABLE NS-3-PW
ALTERNATIVE NS-3 PRESENT WORTH ANALYSIS

MONITORING WITH INSTITUTIONAL CONTROLS - NEAR SHORE SEDIMENTS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

Year Capital O&M Periodic Total Discount Factor Present Value
0 $69,986 0 $0 $69,986 7.00% 1.000 $69,986
1 $0 $134,725 $0 $134,725 7.00% 0.935 $125,911
2 $0 $134,725 $0 $134,725 7.00% 0.873 $117,674
3 $0 $134,725 $0 $134,725 7.00% 0.816 $109,976
4 $0 $134,725 $0 $134,725 7.00% 0.763 $102,781
5 $0 $134,725 $30,000 $164,725 7.00% 0.713 $117,447
6 $0 $134,725 $0 $134,725 7.00% 0.666 $89,773
7 $0 $134,725 $0 $134,725 7.00% 0.623 $83,900
8 $0 $134,725 $0 $134,725 7.00% 0.582 $78,411
9 $0 $134,725 $0 $134,725 7.00% 0.544 $73,281
10 $0 $134,725 $30,000 $164,725 7.00% 0.508 $83,738
11 $0 $134,725 $0 $134,725 7.00% 0.475 $64,007
12 $0 $134,725 $0 $134,725 7.00% 0.444 $59,820
13 $0 $134,725 $0 $134,725 7.00% 0.415 $55,906
14 $0 $134,725 $0 $134,725 7.00% 0.388 $52,249
15 $0 $134,725 $30,000 $164,725 7.00% 0.362 $59,704
16 $0 $134,725 $0 $134,725 7.00% 0.339 $45,636
17 $0 $134,725 $0 $134,725 7.00% 0.317 $42,650
18 $0 $134,725 $0 $134,725 7.00% 0.296 $39,860
19 $0 $134,725 $0 $134,725 7.00% 0.277 $37,253
20 $0 $134,725 $30,000 $164,725 7.00% 0.258 $42,568
21 $0 $134,725 $0 $134,725 7.00% 0.242 $32,538
22 $0 $134,725 $0 $134,725 7.00% 0.226 $30,409
23 $0 $134,725 $0 $134,725 7.00% 0.211 $28,420
24 $0 $134,725 $0 $134,725 7.00% 0.197 $26,561
25 $0 $134,725 $30,000 $164,725 7.00% 0.184 $30,350
26 $0 $134,725 $0 $134,725 7.00% 0.172 $23,199
27 $0 $134,725 $0 $134,725 7.00% 0.161 $21,681
28 $0 $134,725 $0 $134,725 7.00% 0.150 $20,263
29 $0 $134,725 $0 $134,725 7.00% 0.141 $18,937
30 $0 $134,725 $30,000 $164,725 7.00% 0.131 $21,639

TOTAL $69,986 $4,041,750 $180,000 $4,291,736 $1,806,529
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TABLE NS-3-A
ALTERNATIVE NS-3 COST ASSUMPTIONS

MONITORING WITH INSTITUTIONAL CONTROLS - NEAR SHORE SEDIMENTS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

COST ESTIMATE BASIS

1.1 Legal Fees, Deed Restrictions, Property Surveys Legal fees associated with drafting and implementing deed restrictions, costs to perform property 
surveys at $20,000 per property.

1.2 6-Foot Galvanized Chain-Link Fence Aluminized steel chain-link fence, 6' high, installed.
Crew B-80: 1 labor foreman, 1 laborer, 1 truck driver, 1 equipment operator, 1 flatbed truck, 1 fence 
post auger.  Daily rate = $2000.
1000 LF / 250 LF/day = 4 days.

1.3 Access Gates 3 access gates, 6' high, 3' wide.  1 day.

OM.1.1 Periodic Inspections (Quarterly)
Assume 10 hours per quarter for inspections to verify the effectiveness of institutional controls at 
preventing exposure to sediment in Wells G&H wetland and Cranberry Bog Conservation Area.

OM.1.2 Fence Repairs Assume 2% (20 LF) per year @ $29/LF.
OM.1.3 Sediment Sample Collection Labor Assume 2 samplers at 40 HR per sampling event = 80 HR/event.
OM.1.4 Sediment Sample Analysis Assume 20 samples per event analyzed for metals and SVOCs
OM.1.5 Data Validation Assume 20 HR/event for data validation (1 HR per sample) at $100/HR
OM.1.6 Inspection Reports (Quarterly) Assume $10,000 per quarter for the preparation of inspection reports and data summary reports to

document quarterly inspection/sampling activities and findings. 

OPERATIONS AND MAINTENANCE COSTS (TABLE NS-3-OM)
OM.1.0  Annual O&M Costs

Alternative NS-3 also involves the imposition of institutional controls on each of the properties that are located within the near-shore sediment contaminated 
areas.  Institutional controls that would be imposed under this alternative would be the same as those described on Table NS-2-A for Alternative NS-2.

DESCRIPTION

CAPITAL COSTS (TABLE NS-3)
General Assumptions

Alternative NS-3 is a limited action alternative that involves sediment monitoring to periodically evaluate sediment contaminant trends and human health risks 
associated with existing contaminant in near-shore sediment in the Wells G&H Wetland and Cranberry Bog Conservation Area.  For the purpose of 
developing cost estimates for the FS, it was assumed that periodic sediment sampling events would include the collection of 20 samples within the 
contaminated areas delineated on Figures 2-5b and 2-5c.  The present worth of this alternative was calculated by assuming quarterly sediment sampling 
events.

1.0  Institutional Controls
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TABLE NS-4
ALTERNATIVE NS-4 CAPITAL COSTS

SEDIMENT REMOVAL AND OFF-SITE DISPOSAL - NEAR SHORE SEDIMENTS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS
DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

1.1 Equipment Mobilization/Demobilization 1 LS $20,000 $20,000 [1]
1.2 Field Support Facilities 1 LS $3,200 $3,200 [1]
1.3 Monthly Costs associated with Field Support 4 MONTH $3,000 $12,000 [1]

Subtotal $35,200
2.0  Site Preparation

2.1 Site Access Road Construction 850 SY $6.65 $5,653 Means 2004 HC, 02720 200 0100
2.2 Clear and Grub 3 ACRE $3,150 $9,450 Means 2004 HC, 02230 100 0020
2.3 Site Survey 1 LS $5,000 $5,000 [1]
2.4 Construct Equipment Decontamination Pads 3 EA $7,500 $22,500 Means 2004 HC
2.5 Construct Stockpiling Areas 3 EA $2,500 $7,500 Means 2004 HC
2.6 Construct Dewatering Pads 6 EA $2,500 $15,000 Means 2004 HC
2.7 Install Erosion and Sedimentation Controls 2,500 LF $3.73 $9,325 Means 2004 HC, 02370 700 1250
2.8 Construct Coffer Dams (Wells G&H Wetland) 5,000 SF $19.00 $95,000 Means 2004 HC, 02260 200 0020

Subtotal $169,428
3.0  Excavate, Stockpile, and Dewater Contaminated Sediments

3.1 Dewater Excavation Areas
3.1.1    Equipment Rental Costs 1 LS $3,600.00 $3,600 Rain for Rent, 2005
3.1.2    Purchase Sand Filter Media (3 mil gallon capacity) 1 LS $7,800.00 $7,800 Rain for Rent, 2005
3.1.3    System Installation Labor 1 LS $600.00 $600 Rain for Rent, 2005
3.1.4    Operate and Attend Pumps 20 DAY $645.00 $12,900 Means 2004 HC, 02240 500 0900

3.2 Excavate Contaminated Sediment, Load into Trucks 2,500 CY $7.32 $18,300 Means 2004 ER, 17 03 0276
3.3 Haul Waste to Dewatering Area, 12 CY Dump Trucks 2,875 CY $3.39 $9,746 Means 2004 HC, 02315 490 0320
3.4 Dewater/Handle Sediment 2,875 CY $1.32 $3,795 Means 2004 HC, 02230 500 0100

Subtotal $56,741
4.0  Transportation and Off-Site Disposal of Sediment

4.1 Waste Characterization Samples 6 EA $500.00 $3,000 [1]
4.2 Load Solid Waste into Trucks 2,875 CY $3.66 $10,523 Means 2004 ER, 17 03 0276
4.3 Transportation to Off-Site Hazardous Waste Landfill 4,313 TON $90.00 $388,125 Means 2004 ER, 33 19 0205
4.4 Landfill Disposal Hazardous Bulk Solid Waste 4,313 TON $240.00 $1,035,000 Means 2004 ER, 33 19 7264
4.5 Treat Dewatering Effluent (purchase add'l filter media) 1 LS $1,300.00 $1,300 Rain for Rent, 2005

Subtotal $1,437,948

5.1 Wetland Delineation and Flora/Fauna Survey 1 LS $6,000.00 $6,000 [1]
5.2 Analyze/Test Fill and Topsoil (1 per 500 CY fill) 6 EA $500.00 $2,875 [1]
5.3 Place Geotextile at Edges of Restoration Area 5,000 SF $0.23 $1,144 Means 2004 HC, 02340 300 1510
5.4 Backfill Edges of Restoration Area with Stone (3/4-inch) 620 CY $23.50 $14,570 Benevento, 2005
5.5 General Backfill (sand), Place w/ Minimal Compaction 1,275 CY $10.76 $13,714 Means 2004 ER, 17 03 04326
5.6 Import, Place, and Grade Topsoil w/ Minimal Compaction 1,275 CY $34.85 $44,416 Means 2004 HC, 02910 810 0500
5.7 Import and Install Coir Logs 100 EA $500.00 $50,000 [1]
5.8 Import and Install Coir Fiber Mats 3,500 SY $2.00 $7,000 [1]
5.9 Establish Ground Cover 32 MSF $2,500.00 $80,000 [1]
5.10 Plantings 32 MSF $2,000.00 $64,000 [1]
5.11 Mulching 32 MSF $61.55 $1,970 Means 2004 HC, 02910 500 0250

Subtotal $285,689

$1,985,005

6.0  Other Costs
6.1 Project Management (6%) $119,100 OSWER 9355.0-75
6.2 Engineering and Design (12%) $238,201 OSWER 9355.0-75
6.3 Construction Management (8%) $158,800 OSWER 9355.0-75
6.4 Location Adustment (10%) $198,501 Means 2004 ER
6.5 Contingency (15%) $297,751 OSWER 9355.0-75

$1,012,353

TOTAL CAPITAL COSTS FOR ALTERNATIVE NS-4 $2,997,358
Notes:
Means 2004 ER: R.S. Means Environmental Cost Data, 10th Annual Edition, 2004.
Means 2004 HC: R.S. Means Heavy Construction Cost Data, 18th Annual Edition, 2004.
[1] Best estimate based on previous experience.

1.0  Mobilization/Demobilization

TOTAL DIRECT COSTS

TOTAL OTHER COSTS

5.0  Wetland Restoration
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TABLE NS-4-OM
ALTERNATIVE NS-4 OPERATIONS AND MAINTENANCE COSTS

SEDIMENT REMOVAL AND OFF-SITE DISPOSAL - NEAR SHORE SEDIMENTS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS
DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

OM.1.1 Periodic Inspections (Quarterly) 40 HR $100.00 $4,000 [1]
Subtotal $4,000

OM.2.1 Technician Labor 500 HR $100.00 $50,000 [1]
OM.2.2 Supplemental Fill Material 60 CY $30.00 $1,800 Means 2004 ER
OM.2.3 Planting Maintenance (10% of planting costs) 1 LS $6,400.00 $6,400 [1]
OM.2.4 Annual Flora/Fauna Survey 1 LS $15,000.00 $15,000 [1]

Subtotal
$73,200

OM.3.0  Other O&M Costs
OM.3.1 Project Management (10%) $7,320 OSWER 9355.0-75
OM.3.2 O&M Contingency (20%) $14,640 OSWER 9355.0-75

$21,960

$95,160
Notes:
For Alternative NS-4, wetland maintenance was only assumed necessary for three years after construction.
Means 2004 ER: R.S. Means Environmental Cost Data, 10th Annual Edition, 2004.
[1] Best estimate based on previous experience.

ANNUAL O&M COSTS ALTERNATIVE NS-4

OM.1.0  Annual O&M Costs

OM.2.0  Wetland Restoration Costs

TOTAL ANNUAL O&M COSTS

TOTAL OTHER O&M COSTS
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TABLE NS-4-PW
ALTERNATIVE NS-4 PRESENT WORTH ANALYSIS

SEDIMENT REMOVAL AND OFF-SITE DISPOSAL - NEAR SHORE SEDIMENTS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS
Year Capital O&M Periodic Total Discount Factor Present Value

0 $2,997,358 0 $0 $2,997,358 7.0% 1.000 $2,997,358
1 $0 $95,160 $0 $95,160 7.0% 0.935 $88,935
2 $0 $95,160 $0 $95,160 7.0% 0.873 $83,116
3 $0 $95,160 $0 $95,160 7.0% 0.816 $77,679
4 $0 $0 $0 $0 7.0% 0.763 $0
5 $0 $0 $0 $0 7.0% 0.713 $0
6 $0 $0 $0 $0 7.0% 0.666 $0
7 $0 $0 $0 $0 7.0% 0.623 $0
8 $0 $0 $0 $0 7.0% 0.582 $0
9 $0 $0 $0 $0 7.0% 0.544 $0
10 $0 $0 $0 $0 7.0% 0.508 $0
11 $0 $0 $0 $0 7.0% 0.475 $0
12 $0 $0 $0 $0 7.0% 0.444 $0
13 $0 $0 $0 $0 7.0% 0.415 $0
14 $0 $0 $0 $0 7.0% 0.388 $0
15 $0 $0 $0 $0 7.0% 0.362 $0
16 $0 $0 $0 $0 7.0% 0.339 $0
17 $0 $0 $0 $0 7.0% 0.317 $0
18 $0 $0 $0 $0 7.0% 0.296 $0
19 $0 $0 $0 $0 7.0% 0.277 $0
20 $0 $0 $0 $0 7.0% 0.258 $0
21 $0 $0 $0 $0 7.0% 0.242 $0
22 $0 $0 $0 $0 7.0% 0.226 $0
23 $0 $0 $0 $0 7.0% 0.211 $0
24 $0 $0 $0 $0 7.0% 0.197 $0
25 $0 $0 $0 $0 7.0% 0.184 $0
26 $0 $0 $0 $0 7.0% 0.172 $0
27 $0 $0 $0 $0 7.0% 0.161 $0
28 $0 $0 $0 $0 7.0% 0.150 $0
29 $0 $0 $0 $0 7.0% 0.141 $0
30 $0 $0 $0 $0 7.0% 0.131 $0

TOTAL $2,997,358 $285,480 $0 $3,282,838 $3,247,088
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TABLE NS-4-A
ALTERNATIVE NS-4 COST ASSUMPTIONS

SEDIMENT REMOVAL AND OFF-SITE DISPOSAL - NEAR SHORE SEDIMENTS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS
RATIONALE

1.1 Equipment mobilization Assume less than 50 mile haul distance for all equipment.
Equipment would be mobilized and demobilized to and from the site once for this project.
Assume $200 for mob, $200 for demob per piece of equipment.
Unit costs include labor cost for equipment mob/demob.

1.2 Field Support Facilities Field support facilities will be mobilized and demobilized to and from the central field support area 
once during the course of the project.

 The following items are included in this cost line item: office trailer @ $500, storage trailer @ $500, 
dumpster @ $100, sanitary facilities @ $100, soil sampling equipment @ $2000.

1.3 Monthly Costs associated with Field Support Includes monthly rental costs for duration of project for the following: office trailer @ $400, storage 
trailer @ $200, utilities @ $200, dumpster @ $200, sampling materials @ $1250, air sampling 
equipment (PID) @ 750.

Estimated duration of project = 1 week (mobilization) + 1 week  (site preparation) + 4 week  
(excavation) + 2 week (transportation/disposal) + 6 week  (site restoration) = 14 weeks or 
approximately 4 months.

2.0  Site Preparation
2.1 Site Access Road Construction Approximately 500 LF of access road (15 FT width) assumed to be required to access excavation 

areas in Wells G&H Wetland and Cranberry Bog Conservation Area.
500 LF * 15 LF = 7500 SF ≈ 850 SY.
Temporary road using gravel fill, no surfacing, 6" gravel depth
Crew B-36C: 1 labor foreman, 2 equipment operators, 1 truck driver, 1 dozer, 1 roller, 1 truck, 1 water 
tanker.  Daily rate = $4,000.
Production rate = 5000 SY/day.

2.2 Clear and Grub Assume clear and grub of approximately 3 acres.
Cut & chip light trees to 6" diameter.
Crew B-7: 1 labor foreman, 4 laborers, 1 equipment operator.
1 chipping machine, 1 front-end loader, 2  chainsaws

2.3 Site survey Assume $5,000 for site survey to identify sampling locations/construction areas. 
2.4 Construct Decontamination Pads Decontamination pads would be constructed as described on Table SS-3-A for Alternative SS-3.  For 

this alternative, three decontamination areas would be constructed - one on each side of the Wells 
G&H Wetland, and a third in the Cranberry Bog Conservation Area.

2.5 Construct Soil Stockpiling Area Three stockpiling areas would be constructed for this alternative, one in each of the areas specified in 
Section 2.4.

2.6 Construct Dewatering Pads Two dewatering pads would be constructed at each of the sediment handling areas described in 
Section 2.4, for a total of six dewatering areas.  Dewatering areas would be similar in construction to 
stockpiling areas, and would provide a location for free liquids to drain out of excavated sediment and 
collect in a sump.

2.7 Install Erosion and Sedimentation Controls Erosion and sedimentation controls would be installed at the perimeter of all work areas where erosion
and sedimentation may impact sensitive environmental areas such as wetlands, surface water bodies, 
etc.

2.8 Construct Coffer Dams In order to excavate sediment from the Wells G&H wetland, where much of the sediment is 
submerged beneath surface water, coffer dams would be constructed to divert the flow of water 
around the excavation area.  Coffer dams would be constructed using temporary sheeting.
Crew B-40: 1 pile driver foreman, 4 pile drivers, 2 equipment operators (crane), 1 equipment operator 
(oiler), 1 crane (40 ton), 1 vibratory hammer.  Daily rate = $6,000.
Production rate = 960 SF/day.  5,000 SF / 960 SF/day ≈ 6 days.

One work week (5 days) assumed for mobilization of labor and equipment for this alternative.

DESCRIPTION

General Assumptions
Alternative NS-4 would involve the removal of sediment (to a depth of 1 foot below the sediment surface) in the portions of the Wells G&H Wetland and 
Cranberry Bog Conservation Area with sediment that exceeds human health based PRGs for arsenic.  Sediment removal would be accomplished through the 
use of hydraulic excavators.  Dewatering of stream channels would be performed in portions of the Wells G&H Wetland to facilitate sediment removal.

Upon completion of sediment removal and confirmation that residual levels of arsenic in sediments do not exceed the PRG, 6" of clean sand would be 
imported to the site and placed into the excavated areas.  This sand would be overlain by 6" of topsoil specified so that it would provide an adequate 
substrate for wetland restoration.

CAPITAL COSTS (TABLE NS-4)

Excavated sediment would be transported to an on-site dewatering area where free liquids would be allowed to drain from sediment.  Liquids would be 
collected in a sump area built into the dewatering pad, and pumped through a sand filter to remove arsenic prior to surface water discharge within the wetland
Dewatered sediment would then be transported to an EPA-approved off-site disposal facility.

1.0  Mobilization/Demobilization
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TABLE NS-4-A
ALTERNATIVE NS-4 COST ASSUMPTIONS

SEDIMENT REMOVAL AND OFF-SITE DISPOSAL - NEAR SHORE SEDIMENTS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS
RATIONALEDESCRIPTION

3.0  Excavate, Stockpile, and Dewater Contaminated Sediments

3.1 Dewater Excavation Areas Dewatering of excavation areas would be accomplished using a 3" pump capable of moving 50 gpm 
of water from the excavation area into two 18,000-gallon tanks.  Water that is pumped into the first 
tank would be transferred into a second tank through a sand media filter that would use a biopolymer 
to remove arsenic from the water.
A pilot test would be conducted to verify the effectiveness of the treatment method and water samples 
would be collected from the treated effluent prior to its discharge back into the wetland.

Equipment rental costs $3600 includes rental of pumps, hoses, tanks, sand filter unit, and mixer for biopolymer contact.  
Rental period assumed 28 days.

Purchase sand filter medium Medium for sand filter to treat approximately 250,000 gallons of water.
System Installation Labor $600 lump sum for system installation labor.  Based on quote from Rain for Rent.

Operate and Attend Pumps Operate and attend pumps and system for 20 day excavation period.  1 equipment operator, 0.5 
laborer.  Daily rate = $645.

3.2 Excavate Contaminated Sediment, Load into Excavate and Load, 1.0-CY Hydraulic Excavator, 20 CY/HR assumed to excavate sediment.   
Trucks Crew CODET: 1 laborer, 1 hydraulic excavator, 2.00 CY bucket, 1 equipment operator.  Daily rate = 

$1,400.
2,500 CY * 1 HR/20 CY ≈ 125 HR.  Assume 20 days for contingency.

3.3 Haul Waste to Dewatering Area 12 CY dump trucks, 0.5-mile round trip, 3.2 loads/hour.  Assume two trucks transporting soil to 
prevent down time.
Crew B-34B (2): 1 truck driver, 1 dump truck (16 ton).  $850 daily rate.
Assume bulking factor from removal of soil at 1.15.  Therefore 2,500 CY sediment in-situ roughly 
equivalent to 2,875 CY of excavated sediment that will be hauled to dewatering areas.

3.4 Dewater/Handle Sediment Sediment handling in dewatering area assumed to include moving sediment within dewatering area 
and transferring to second dewatering pad.  Assume 200 HP dozer, FE loader.   
Crew B-10B: 2 equipment operators, 0.5 laborer, 1 dozer, 1 FE loader.  Daily rate = $2000.
Dewatering shall continue for duration of the project, therefore management of approximately 2,875 
CY is expected. 

4.1 Waste Characterization Samples Collect characterization samples from stockpiled material at a rate of 1 sample per 500 CY of 
sediment.  Full waste characterization sampling would include TCLP, reactivity, corrosivity. 

4.2 Load Solid Waste into Trucks Excavate and Load, 1.0-CY Hydraulic Excavator, Medium Material, 40 CY/Hour.  Load waste from 
stockpiles into 20 CY dump trailers for transportation to disposal facility.  
Crew CODET: 1 laborer (semi-skilled), 1 hydraulic excavator, crawler, 2.00 CY Bucket, 1 equipment 
operator. 
2,875 CY * 1 HR/40 CY ≈ 72 HR ≈ 9 days.

4.3 Transportation to Off-Site Hazardous Waste Landfill Assume transportation of stockpiled sediment using 20 CY dump trailers.  500-mile transportation 
distance to hazardous waste landfill assumed.
1.5 tons per 1.0 cubic yards assumed for transportation and disposal estimates.

4.4 Off-Site Disposal of Soil Assume disposal of waste at non-hazardous waste facility within 500 miles of site.
4.5 Treat Dewatering Effluent Costs to treat dewatering effluent assume purchase of additional filter media and use of existing 

pump/tank system.  $1,300 filter media would treat approx 250,000 gallons.

Under this alternative, sediment would be excavated from the areas depicted on Figures 2-5b and 2-5c to a depth of 2 feet.  Cost line items in this section include 
costs to dewater the Wells G&H wetland excavation areas, excavate sediment from the sediment contamination areas, transport sediment to the sediment 
dewatering areas, and handling sediment in the dewatering areas.

4.0  Transportation and Off-Site Disposal of Sediment

Due to the fact that excavation of sediment under this alternative would be conducted within wetland areas, backfilling and site restoration would involve the re-
creation of wetland habitats.  The costs developed for this cost item would be similar to those that were developed for Alternative SW-3, which involves wetland 
habitat restoration to compensate for lost resources in the HBHA Pond.  The general assumptions that were made to develop these costs were used to develop costs
for this alternative.  The cost assumptions for Alternative SW-3 are provided on Table SW-3-A. 

The primary difference between construction of restored wetland areas in the Wells G&H Wetland/Cranberry Bog Conservation Area would be the placement of 3/4-
inch crushed stone at the perimeter of the restored areas to act as a filter layer to sediment that may be transported toward the restored areas from adjacent areas.  
To provide a stable base for the placement of this stone layer, a durable geotextile would be placed on the sediment surface.

5.0  Wetland Restoration
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TABLE DS-2
ALTERNATIVE DS-2 CAPITAL COSTS

MONITORING WITH INSTITUTIONAL CONTROLS - SEDIMENT CORE LOCATIONS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

1.1 Legal Fees, Deed Restrictions, Property Survey 2 LS $20,000 $40,000 [1]
Subtotal $40,000

$40,000

2.0  Other Costs
2.1 Project Management (10%) $4,000 OSWER 9355.0-75

$4,000

TOTAL CAPITAL COSTS FOR ALTERNATIVE DS-2 $44,000
Notes:
[1] Best estimate based on previous experience.

1.0  Institutional Controls

TOTAL DIRECT COSTS

TOTAL OTHER COSTS
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TABLE DS-2-OM
ALTERNATIVE DS-2 OPERATIONS AND MAINTENANCE COSTS

MONITORING WITH INSTITUTIONAL CONTROLS - SEDIMENT CORE LOCATIONS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

OM.1.1 Periodic Inspections (Quarterly) 40 HR $100.00 $4,000 [1]
OM.1.2 Inspection Reports (Quarterly) 4 EA $5,000.00 $20,000 [1]

Subtotal $24,000

$24,000

OM.2.0  Other Costs
OM.2.1 Project Management (10%) $2,400 OSWER 9355.0-75
OM.2.2 O&M Contingency (15%) $3,600 OSWER 9355.0-75

$6,000

$30,000
Notes:
Present worth analysis includes periodic cost of $20,000 for preparation of five-year review.
[1] Best estimate based on previous experience.

OM.1.0  Annual O&M Costs

TOTAL ANNUAL O&M COSTS

TOTAL OTHER O&M COSTS

ANNUAL O&M COSTS ALTERNATIVE DS-2

DRAFT FINAL



TABLE DS-2-PW
ALTERNATIVE DS-2 PRESENT WORTH ANALYSIS

MONITORING WITH INSTITUTIONAL CONTROLS - SEDIMENT CORE LOCATIONS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

Year Capital O&M Periodic Total Discount Factor Present Value
0 $44,000 0 $0 $44,000 7.0% 1.000 $44,000
1 $0 $30,000 $0 $30,000 7.0% 0.935 $28,037
2 $0 $30,000 $0 $30,000 7.0% 0.873 $26,203
3 $0 $30,000 $0 $30,000 7.0% 0.816 $24,489
4 $0 $30,000 $0 $30,000 7.0% 0.763 $22,887
5 $0 $30,000 $20,000 $50,000 7.0% 0.713 $35,649
6 $0 $30,000 $0 $30,000 7.0% 0.666 $19,990
7 $0 $30,000 $0 $30,000 7.0% 0.623 $18,682
8 $0 $30,000 $0 $30,000 7.0% 0.582 $17,460
9 $0 $30,000 $0 $30,000 7.0% 0.544 $16,318
10 $0 $30,000 $20,000 $50,000 7.0% 0.508 $25,417
11 $0 $30,000 $0 $30,000 7.0% 0.475 $14,253
12 $0 $30,000 $0 $30,000 7.0% 0.444 $13,320
13 $0 $30,000 $0 $30,000 7.0% 0.415 $12,449
14 $0 $30,000 $0 $30,000 7.0% 0.388 $11,635
15 $0 $30,000 $20,000 $50,000 7.0% 0.362 $18,122
16 $0 $30,000 $0 $30,000 7.0% 0.339 $10,162
17 $0 $30,000 $0 $30,000 7.0% 0.317 $9,497
18 $0 $30,000 $0 $30,000 7.0% 0.296 $8,876
19 $0 $30,000 $0 $30,000 7.0% 0.277 $8,295
20 $0 $30,000 $20,000 $50,000 7.0% 0.258 $12,921
21 $0 $30,000 $0 $30,000 7.0% 0.242 $7,245
22 $0 $30,000 $0 $30,000 7.0% 0.226 $6,771
23 $0 $30,000 $0 $30,000 7.0% 0.211 $6,328
24 $0 $30,000 $0 $30,000 7.0% 0.197 $5,914
25 $0 $30,000 $20,000 $50,000 7.0% 0.184 $9,212
26 $0 $30,000 $0 $30,000 7.0% 0.172 $5,166
27 $0 $30,000 $0 $30,000 7.0% 0.161 $4,828
28 $0 $30,000 $0 $30,000 7.0% 0.150 $4,512
29 $0 $30,000 $0 $30,000 7.0% 0.141 $4,217
30 $0 $30,000 $20,000 $50,000 7.0% 0.131 $6,568

TOTAL $44,000 $900,000 $120,000 $1,064,000 $459,428
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TABLE DS-2-A
ALTERNATIVE DS-2 COST ASSUMPTIONS

MONITORING WITH INSTITUTIONAL CONTROLS - SEDIMENT CORE LOCATIONS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

COST ESTIMATE BASIS

1.1 Legal Fees, Deed Restrictions, Property 
Surveys

Legal fees associated with drafting and implementing deed restrictions, costs to perform property 
surveys at $20,000 per property (two properties assumed).

OM.1.1 Periodic Inspections (Quarterly) Assume 10 hours per quarter for inspections to verify the effectiveness of institutional controls at 
preventing exposures to sediment in the sediment core areas (Figure 2-5d).

OM.1.2 Inspection Reports (Quarterly) Assume $5000 per quarter for the preparation of inspection reports to document quarterly inspection
activities and findings. 

Notes:
Monitoring costs for Alternative DS-2 would be included in the selected surface water (SW) alternative.

OM.1.0  Annual O&M Costs

1.0  Institutional Controls

OPERATIONS AND MAINTENANCE COSTS (TABLE DS-2-OM)

DESCRIPTION

CAPITAL COSTS (TABLE DS-2)
General Assumptions

Alternative DS-2 involves the imposition of institutional controls on each of the properties that are located within the contaminated sediment areas that 
are depicted on Figure 2-5d of the FS.  For the purposes of estimating cost for the FS, it was assumed that two properties would be impacted by this 
alternative.
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TABLE DS-3
ALTERNATIVE DS-3 CAPITAL COSTS

SEDIMENT REMOVAL AND OFF-SITE DISPOSAL -  SEDIMENT CORE LOCATIONS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

1.1 Equipment and Labor Mobilization/Demobilization 1 LS $30,000 $30,000 [1]
1.2 Field Support Facilities 1 LS $3,200 $3,200 [1]
1.3 Monthly Costs associated with Field Support 60 MONTH $3,000 $180,000 excavate in one location at a time

Subtotal $213,200
2.0  Site Preparation

2.1 Site Access Road Construction 1,000 SY $6.55 $6,550 Means 2004 HC, 02720 200 0300
2.2 Clear and Grub 4 ACRE $3,150 $12,600 Means 2004 HC, 02230 100 0020
2.3 Site Survey 1 LS $10,000 $10,000 [1]
2.4 Construct Equipment Decontamination Pads 2 EA $7,500 $15,000 Means 2004 HC
2.5 Construct Stockpiling Areas 2 EA $2,500 $5,000 Means 2004 HC
2.6 Construct Dewatering Pads 4 EA $2,500 $10,000 Means 2004 HC
2.7 Install Erosion and Sedimentation Controls 2,500 LF $3.73 $9,325 Means 2004 HC, 02370 700 1250
2.8 Sheet piling temporary cofferdam (drive, extract & salvage) 50,000 SF $23.50 $1,175,000 Means 2004 HC, 02260 200 0060
2.9 Whalers and connections 50,000 SF $33.50 $1,675,000 Means 2004 HC, 02260 200 0500

Subtotal $2,918,475
3.0  Excavate, Stockpile, and Dewater Contaminated Sediments

3.1 Dewater Excavation Areas
3.1.1    Equipment Rental Costs 50 MONTH $3,600.00 $180,000 Rain for Rent, 2005
3.1.2    Purchase Sand Filter Media (30 mil gallon capacity) 100 EA $650.00 $65,000 Rain for Rent, 2005
3.1.3    System Installation Labor 1 LS $600.00 $600 Rain for Rent, 2005
3.1.4    Operate and Attend Pumps 1,100 DAY $645.00 $709,500 Means 2004 HC, 02240 500 0900

3.2 Excavate Contaminated Sediment (20 CY/HR) 160,000 CY $7.32 $1,171,200 Means 2004 ER, 17 03 0276
3.3 Haul Waste to Dewatering Area, 12 CY Dump Trucks 184,000 CY $3.39 $623,760 Means 2004 HC, 02315 490 0320
3.4 Dewater/Handle Sediment 184,000 CY $1.32 $242,880 Means 2004 HC, 02230 500 0100

Subtotal $2,992,940
4.0  Transportation and Off-Site Disposal of Sediment

4.1 Waste Characterization Samples 368 EA $500.00 $184,000 [1]
4.2 Load Solid Waste into Trucks 184,000 CY $3.66 $673,440 Means 2004 ER, 17 03 0276
4.3 Transportation to Off-Site Hazardous Waste Landfill 202,400 TON $90.00 $18,216,000 Means 2004 ER, 33 19 0205
4.4 Landfill Disposal Hazardous Bulk Solid Waste 202,400 TON $240.00 $48,576,000 Means 2004 ER, 33 19 7264
4.5 Treat Dewatering Effluent (purchase add'l filter media) 120 EA $1,300.00 $156,000 Rain for Rent, 2005

Subtotal $67,805,440

5.1 Wetland Delineation and Flora/Fauna Survey 1 LS $12,000.00 $12,000 [1]
5.2 Analyze/Test Fill and Topsoil (1 per 500 CY fill) 368 EA $500.00 $184,000 [1]
5.3 General Backfill (sand), Place w/ Minimal Compaction 92,000 CY $10.76 $989,920 Means 2004 ER, 17 03 04326
5.4 Import, Place, and Grade Topsoil w/ Minimal Compaction 92,000 CY $34.85 $3,206,200 Means 2004 HC, 02910 810 0500
5.5 Import and Install Coir Logs 6,000 EA $500.00 $3,000,000 [1]
5.6 Import and Install Coir Fiber Mats 160,000 SY $2.00 $320,000 [1]
5.7 Establish Ground Cover 160 MSF $2,500.00 $400,000 [1]
5.8 Plantings 160 MSF $2,000.00 $320,000 [1]
5.9 Mulching 160 MSF $61.55 $9,848 Means 2004 HC, 02910 500 0250

Subtotal $8,441,968

$82,372,023

1.0  Mobilization/Demobilization

5.0  Wetland Restoration (33 acres)

TOTAL DIRECT COSTS
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TABLE DS-3
ALTERNATIVE DS-3 CAPITAL COSTS

SEDIMENT REMOVAL AND OFF-SITE DISPOSAL -  SEDIMENT CORE LOCATIONS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

6.0  Other Costs
6.1 Project Management (5%) $4,118,601 OSWER 9355.0-75
6.2 Engineering and Design (6%) $4,942,321 OSWER 9355.0-75
6.3 Construction Management (6%) $4,942,321 OSWER 9355.0-75
6.4 Location Adustment (10%) $8,237,202 Means 2004 ER
6.5 Contingency (15%) $12,355,803 OSWER 9355.0-75

$34,596,250

$116,968,273
Notes:
Means 2004 ER: R.S. Means Environmental Cost Data, 10th Annual Edition, 2004.
Means 2004 HC: R.S. Means Heavy Construction Cost Data, 18th Annual Edition, 2004.
[1] Best estimate based on previous experience.

TOTAL CAPITAL COSTS FOR ALTERNATIVE DS-3 

TOTAL OTHER COSTS
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TABLE DS-3-PW
ALTERNATIVE DS-3 PRESENT WORTH ANALYSIS

SEDIMENT REMOVAL AND OFF-SITE DISPOSAL -  SEDIMENT CORE LOCATIONS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

Year Capital O&M Periodic Total Discount Factor Present Value
0 $116,968,273 $0 $0 $116,968,273 7.0% 1.000 $116,968,273
1 $0 $100,000 $0 $100,000 7.0% 0.935 $93,458
2 $0 $100,000 $0 $100,000 7.0% 0.873 $87,344
3 $0 $100,000 $0 $100,000 7.0% 0.816 $81,630
4 $0 $100,000 $0 $100,000 7.0% 0.763 $76,290
5 $0 $100,000 $0 $100,000 7.0% 0.713 $71,299
6 $0 $0 $0 $0 7.0% 0.666 $0
7 $0 $0 $0 $0 7.0% 0.623 $0
8 $0 $0 $0 $0 7.0% 0.582 $0
9 $0 $0 $0 $0 7.0% 0.544 $0
10 $0 $0 $0 $0 7.0% 0.508 $0
11 $0 $0 $0 $0 7.0% 0.475 $0
12 $0 $0 $0 $0 7.0% 0.444 $0
13 $0 $0 $0 $0 7.0% 0.415 $0
14 $0 $0 $0 $0 7.0% 0.388 $0
15 $0 $0 $0 $0 7.0% 0.362 $0
16 $0 $0 $0 $0 7.0% 0.339 $0
17 $0 $0 $0 $0 7.0% 0.317 $0
18 $0 $0 $0 $0 7.0% 0.296 $0
19 $0 $0 $0 $0 7.0% 0.277 $0
20 $0 $0 $0 $0 7.0% 0.258 $0
21 $0 $0 $0 $0 7.0% 0.242 $0
22 $0 $0 $0 $0 7.0% 0.226 $0
23 $0 $0 $0 $0 7.0% 0.211 $0
24 $0 $0 $0 $0 7.0% 0.197 $0
25 $0 $0 $0 $0 7.0% 0.184 $0
26 $0 $0 $0 $0 7.0% 0.172 $0
27 $0 $0 $0 $0 7.0% 0.161 $0
28 $0 $0 $0 $0 7.0% 0.150 $0
29 $0 $0 $0 $0 7.0% 0.141 $0
30 $0 $0 $0 $0 7.0% 0.131 $0

TOTAL $116,968,273 $500,000 $0 $117,468,273 $117,378,292
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TABLE DS-3-A
ALTERNATIVE DS-3 COST ASSUMPTIONS

SEDIMENT REMOVAL AND OFF-SITE DISPOSAL -  SEDIMENT CORE LOCATIONS
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

RATIONALE

1.1 Equipment mobilization Assume less than 50 mile haul distance for all equipment.
Equipment would be mobilized and demobilized to and from the site once for this project.
Assume $200 for mob, $200 for demob per piece of equipment.
Unit costs include labor cost for equipment mob/demob.

1.2 Field Support Facilities Field support facilities will be mobilized and demobilized to and from the central field support area 
once during the course of the project.

 The following items are included in this cost line item: office trailer @ $500, storage trailer @ $500, 
dumpster @ $100, sanitary facilities @ $100, soil sampling equipment @ $2000.

1.3 Monthly Costs associated with Field Support Includes monthly rental costs for duration of project for the following: office trailer @ $400, storage 
trailer @ $200, utilities @ $200, dumpster @ $200, sampling materials @ $1250, air sampling 
equipment (PID) @ 750.

Project duration assumed approximately 60 months based on sediment excavation rate of 20 CY/HR 
and time required to restore excavated areas with wetland species.

2.0  Site Preparation

3.0  Excavate, Stockpile, and Dewater Contaminated Sediments

Alternative DS-3 would involve the removal of sediment in the portions of the Halls Brook Holding Area (to a depth of 2 feet below the sediment surface) and 
in the portions of the Wells G&H Wetland (to an average depth of 3 feet below the sediment surface) where sediment contains concentrations of arsenic that 
exceed the human-health based PRGs for arsenic (dredger scenario).  Sediment removal would be accomplished through the use of hydraulic excavators.  
Dewatering of stream channels would be performed in portions of the excavation areas to facilitate sediment removal.

The assumptions that were used to develop costs for this alternative are similar to those described for Alternative NS-4.  More description of these 
assumptions is provided on Table NS-4-A.

1.0  Mobilization/Demobilization

DESCRIPTION

CAPITAL COSTS (TABLE DS-3)
General Assumptions

Due to the fact that excavation of sediment under this alternative would be conducted within wetland areas, backfilling and site restoration would involve the re-
creation of wetland habitats.  The costs developed for this cost item would be similar to those that were developed for Alternative SW-3, which involves wetland 
habitat restoration to compensate for lost resources in the HBHA Pond.  The general assumptions that were made to develop these costs were used to develop costs
for this alternative.  The cost assumptions for Alternative SW-3 are provided on Table SW-3-A.  The estimated area of wetlands that would need to be restored under 
this alternative would be 33 acres.

The assumptions that were used to develop costs for site preparation for Alternative DS-3 are similar to those provided under Section 2.0 of Table NS-4-A.  The 
major difference is the size and scope of the dewatering effort that would be required to complete this alternative.  The quantities of sheet piling have been adjusted 
upwards to reflect the quantity needed to dewater the excavation areas that would be targeted under this alternative.

Transportation and off-site disposal of sediment would be conducted as described for Alternative NS-4 (Table NS-4-A). 

One work week (5 days) assumed for mobilization of labor and equipment for this alternative.

Excavation, stockpiling, and dewatering of contaminated sediment would be as described for Alternative NS-4 (Table NS-4-A), scaled upwards to reflect the level o
effort that would be required to remove the volume of sediment that is targeted under this alternative.  The estimated duration of excavation activities for this 
alternative would be

4.0  Transportation and Off-Site Disposal of Sediment

5.0  Wetland Restoration
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TABLE SW-2-OM
ALTERNATIVE SW-2 OPERATION AND MAINTENANCE COSTS

SURFACE WATER MONITORING
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

OM.1.0  Base Flow Surface Water Monitoring Costs (per year)
OM.1.1 Sample Collection Labor (10 locations/quarter) 200 HR $100 $20,000 [1]
OM.1.2 Sampling Equipment Rental 4 EA $1,000 $4,000 [1]
OM.1.3 Sampling Supplies 4 LS $2,000 $8,000 [1]
OM.1.4 Surface Water Sample Analyses (12 samples/quarter)

1.4.1 Metals (Arsenic) 48 EA $125 $6,000 [1]
1.4.2 VOCs 48 EA $250 $12,000 [1]
1.4.3 Suspended Solids 48 EA $50 $2,400 [1]

OM.1.5 Data Validation 80 HR $100 $8,000 [1]
OM.1.6 Reporting 100 HR $100 $10,000 [1]

Subtotal $70,400
OM.2.0  Storm Event Surface Water Sampling (per year)

OM.2.1 Sample Collection Labor (10 locations/event) 800 HR $100 $80,000 [1]
OM.2.2 Sampling Equipment Rental 2 EA $5,000 $10,000 [1]
OM.2.3 Surface Water Sample Analyses (12 samples/event)

2.3.1 Metals (Arsenic) 24 EA $125 $3,000 [1]
2.3.2 VOCs 24 EA $250 $6,000 [1]
2.3.3 Suspended Solids 24 EA $50 $1,200 [1]

OM.2.4 Data Validation 80 HR $100 $8,000 [1]
OM.2.5 Reporting 100 HR $100 $10,000 [1]

Subtotal $118,200

$188,600

OM.3.0  Other Costs
OM.3.1 Project Management (10%) $18,860 OSWER 9355.0-75
OM.3.2 O&M Contingency (15%) $28,290 OSWER 9355.0-75

$47,150

$235,750
Note:
There are no capital costs associate with Alternative SW-2.
[1] Best estimate based on previous experience.

TOTAL ANNUAL O&M COSTS

TOTAL OTHER O&M COSTS

ANNUAL O&M COSTS ALTERNATIVE SW-2

DRAFT FINAL



TABLE SW-2-PW
ALTERNATIVE SW-2 PRESENT WORTH ANALYSIS

SURFACE WATER MONITORING
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

Year Capital O&M Periodic Total Discount Factor Present Value
0 $0 $235,750 $0 $235,750 7.0% 1.000 $235,750
1 $0 $235,750 $0 $235,750 7.0% 0.935 $220,327
2 $0 $235,750 $0 $235,750 7.0% 0.873 $205,913
3 $0 $235,750 $0 $235,750 7.0% 0.816 $192,442
4 $0 $235,750 $0 $235,750 7.0% 0.763 $179,853
5 $0 $235,750 $30,000 $265,750 7.0% 0.713 $189,476
6 $0 $235,750 $0 $235,750 7.0% 0.666 $157,090
7 $0 $235,750 $0 $235,750 7.0% 0.623 $146,813
8 $0 $235,750 $0 $235,750 7.0% 0.582 $137,209
9 $0 $235,750 $0 $235,750 7.0% 0.544 $128,232
10 $0 $235,750 $30,000 $265,750 7.0% 0.508 $135,094
11 $0 $235,750 $0 $235,750 7.0% 0.475 $112,003
12 $0 $235,750 $0 $235,750 7.0% 0.444 $104,676
13 $0 $235,750 $0 $235,750 7.0% 0.415 $97,828
14 $0 $235,750 $0 $235,750 7.0% 0.388 $91,428
15 $0 $235,750 $30,000 $265,750 7.0% 0.362 $96,320
16 $0 $235,750 $0 $235,750 7.0% 0.339 $79,857
17 $0 $235,750 $0 $235,750 7.0% 0.317 $74,632
18 $0 $235,750 $0 $235,750 7.0% 0.296 $69,750
19 $0 $235,750 $0 $235,750 7.0% 0.277 $65,187
20 $0 $235,750 $30,000 $265,750 7.0% 0.258 $68,675
21 $0 $235,750 $0 $235,750 7.0% 0.242 $56,937
22 $0 $235,750 $0 $235,750 7.0% 0.226 $53,212
23 $0 $235,750 $0 $235,750 7.0% 0.211 $49,731
24 $0 $235,750 $0 $235,750 7.0% 0.197 $46,477
25 $0 $235,750 $30,000 $265,750 7.0% 0.184 $48,964
26 $0 $235,750 $0 $235,750 7.0% 0.172 $40,595
27 $0 $235,750 $0 $235,750 7.0% 0.161 $37,939
28 $0 $235,750 $0 $235,750 7.0% 0.150 $35,457
29 $0 $235,750 $0 $235,750 7.0% 0.141 $33,138
30 $0 $235,750 $30,000 $265,750 7.0% 0.131 $34,911

TOTAL $0 $7,308,250 $180,000 $7,488,250 $3,225,916
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TABLE SW-2-A
ALTERNATIVE SW-2 COST ASSUMPTIONS

SURFACE WATER MONITORING
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

COST ESTIMATE BASIS

OM.1.1 Sample Collection Labor Assume 50 HR per quarter to collect base flow surface water samples (10 samples), process 
samples and paperwork, and package/ship samples to laboratory.

OM.1.2 Sampling Equipment Rental Sampling equipment includes weekly rental or purchase of the following items: pickup truck/van, 
sampling tools, surface water samplers, and decontamination equipment/supplies.

OM.1.3 Sampling Supplies Sampling supplies include purchase of consumable items such as sample containers, 
packing/shipping materials, etc.

OM.1.4 Surface Water Sample Analyses 12 samples per event (including QC) analyzed for arsenic, VOCs, and suspended solids
OM.1.5 Data Validation 20 HR per event for data validation = 80 HR per year.
OM.1.6 Reporting 25 HR per event for reporting of data = 100 HR per year.

OM.2.1 Sample Collection Labor 400 HR per event to set up sampling stations, collect and ship samples.
OM.2.2 Sampling Equipment Rental Sampling equipment includes weekly rental or purchase of the following items: pickup truck/van, 

sampling tools, surface water samplers, and decontamination equipment/supplies.
OM.2.3 Surface Water Sample Analyses 12 samples per event (including QC) analyzed for arsenic, VOCs, and suspended solids
OM.2.4 Data Validation 20 HR per event for data validation = 80 HR per year.
OM.2.5 Reporting 25 HR per event for reporting of data = 100 HR per year.

Surface water samples would be collected twice per year from each of the ten stations during a storm event to monitor the transport of particulate arsenic and 
suspended solids during storm events.

DESCRIPTION

CAPITAL COSTS
General Assumptions

There are no capital costs associated with Alternative SW-2 since no actions would be taken to contain or treat surface water.  Alternative SW-2 would 
involve the implementation of a surface water monitoring program to measure the concentration of dissolved and particulate arsenic, VOCs, and 
suspended solids in surface water at several locations along the Halls Brook Holding Area and Aberjona River.  The surface water monitoring program 
would be similar to the program that was implemented as part of the MSGRP Remedial Investigation.

OPERATIONS AND MAINTENANCE COSTS (TABLE SW-2-OM)

The surface water monitoring program that would be implemented under Alternative SW-2 would involve the collection of base flow surface water samples from
10 stations along the Aberjona River.  One surface water sample would be collected from each sampling station per quarter during base flow conditions and 
analyzed for the presence of metals, VOCs, and suspended solids.

OM.1.0  Base Flow Surface Water Monitoring Costs

OM.2.0  Storm Event Surface Water Sampling
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TABLE SW-3
ALTERNATIVE SW-3 CAPITAL COSTS

SURFACE WATER MONITORING AND PROVIDE ALTERNATE HABITAT
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

1.1 Property Acquisition 1 ACRE $700,000.00 $700,000 [1]
1.2 Site Prep, Equipment  Mob/Demob, Layout 1 LS $15,000.00 $15,000 [1]
1.3 Excavate Wetland (estimate 4 foot average) 6,500 CY $1.68 $10,920 Means 2004 HC, 02300 424 0260
1.4 Haul to Stockpile Area 8,125 CY $2.94 $23,888 Means 2004 HC, 02315 490 0310
1.5 Load for Off-Site Disposal 8,125 CY $1.35 $10,969 Means 2004 HC, 02300 424 1300
1.6 Stockpile Management 1 LS $5,000.00 $5,000 [1]
1.7 Analyze/Test Fill and Topsoil (1 per 500 CY fill) 4 EA $500.00 $2,000 [1]
1.8 Import, Place, and Grade Topsoil w/ Minimal Compaction 1,600 CY $34.85 $55,760 Means 2004 HC, 02910 810 0500
1.9 Import and Install Coir Logs 100 EA $500.00 $50,000 [1]
1.10 Import and Install Coir Fiber Mats 5,000 SY $2.00 $10,000 [1]
1.11 Establish Ground Cover 44 MSF $2,500.00 $110,000 [1]
1.12 Plantings 44 MSF $2,000.00 $88,000 [1]
1.13 Mulching 44 MSF $61.55 $2,708 Means 2004 HC, 02910 500 0250

Subtotal $1,084,244

2.1 Four Additional 1-Acre Wetlands to Provide 5 Acres Total 4 EA $1,084,244 $4,336,978 See Section 2.0 above
Subtotal $4,336,978

$5,421,222

3.0  Other Costs
3.1 Project Management (5%) $271,061 OSWER 9355.0-75
3.2 Engineering and Design (8%) $433,698 OSWER 9355.0-75
3.3 Construction Management (6%) $325,273 OSWER 9355.0-75
3.4 Location Adjustment (10%) $542,122 Means 2004 ER
3.5 Contingency (15%) $813,183 OSWER 9355.0-75

$2,385,338

TOTAL COST FOR REMEDIAL ALTERNATIVE SW-3 $7,806,560
NOTES:
Means 2004 HC: R.S. Means Heavy Construction Cost Data, 18th Annual Edition, 2004.
[1] Best estimate based on previous experience.

TOTAL DIRECT COSTS

TOTAL OTHER COSTS

1.0  Alternate Habitat (per acre)

2.0  Alternate Habitat (Based on Section 2.0)
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TABLE SW-3-OM
ALTERNATIVE SW-3 OPERATIONS AND MAINTENANCE COSTS

SURFACE WATER MONITORING AND PROVIDE ALTERNATE HABITAT
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST SOURCE/NOTE

OM.1.0  Base Flow Surface Water Monitoring Costs (per year)
OM.1.1 Sample Collection Labor (10 samples/quarter) 200 HR $100 $20,000 [1]
OM.1.2 Sampling Equipment Rental 4 EA $1,000 $4,000 [1]
OM.1.3 Sampling Supplies 4 LS $2,000 $8,000 [1]
OM.1.4 Surface Water Sample Analyses (12 samples/quarter)

1.4.1 Metals (Arsenic) 48 EA $125 $6,000 [1]
1.4.2 VOCs 48 EA $250 $12,000 [1]
1.4.3 Suspended Solids 48 EA $50 $2,400 [1]

OM.1.5 Data Validation 80 HR $100 $8,000 [1]
OM.1.6 Reporting 100 HR $100 $10,000 [1]

Subtotal $70,400
OM.2.0  Storm Event Surface Water Sampling (per year)

OM.2.1 Sample Collection Labor (10 samples/quarter) 800 HR $100 $80,000 [1]
OM.2.2 Sampling Equipment Rental 2 EA $5,000 $10,000 [1]
OM.2.3 Surface Water Sample Analyses (12 samples/event)

2.3.1 Metals (Arsenic) 24 EA $125 $3,000 [1]
2.3.2 VOCs 24 EA $250 $6,000 [1]
2.3.3 Suspended Solids 24 EA $50 $1,200 [1]

OM.2.4 Data Validation 80 HR $100 $8,000 [1]
OM.2.5 Reporting 100 HR $100 $10,000 [1]

Subtotal $118,200

$188,600

OM.3.0  Other Costs
OM.3.1 Project Management (10%) $18,860 OSWER 9355.0-75
OM.3.2 O&M Contingency (15%) $28,290 OSWER 9355.0-75

$47,150

ANNUAL O&M COSTS ALTERNATIVE SW-3 $235,750
Note:
[1] Best estimate based on previous experience.

TOTAL ANNUAL O&M COSTS

TOTAL OTHER O&M COSTS
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TABLE SW-3-PW
ALTERNATIVE SW-3 PRESENT WORTH ANALYSIS

SURFACE WATER MONITORING AND PROVIDE ALTERNATE HABITAT
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

Year Capital O&M Periodic Total Discount Factor Present Value
0 $7,806,560 $0 $0 $7,806,560 7.0% 1.000 $7,806,560
1 $0 $235,750 $0 $235,750 7.0% 0.935 $220,327
2 $0 $235,750 $0 $235,750 7.0% 0.873 $205,913
3 $0 $235,750 $0 $235,750 7.0% 0.816 $192,442
4 $0 $235,750 $0 $235,750 7.0% 0.763 $179,853
5 $0 $235,750 $30,000 $265,750 7.0% 0.713 $189,476
6 $0 $235,750 $0 $235,750 7.0% 0.666 $157,090
7 $0 $235,750 $0 $235,750 7.0% 0.623 $146,813
8 $0 $235,750 $0 $235,750 7.0% 0.582 $137,209
9 $0 $235,750 $0 $235,750 7.0% 0.544 $128,232
10 $0 $235,750 $30,000 $265,750 7.0% 0.508 $135,094
11 $0 $235,750 $0 $235,750 7.0% 0.475 $112,003
12 $0 $235,750 $0 $235,750 7.0% 0.444 $104,676
13 $0 $235,750 $0 $235,750 7.0% 0.415 $97,828
14 $0 $235,750 $0 $235,750 7.0% 0.388 $91,428
15 $0 $235,750 $30,000 $265,750 7.0% 0.362 $96,320
16 $0 $235,750 $0 $235,750 7.0% 0.339 $79,857
17 $0 $235,750 $0 $235,750 7.0% 0.317 $74,632
18 $0 $235,750 $0 $235,750 7.0% 0.296 $69,750
19 $0 $235,750 $0 $235,750 7.0% 0.277 $65,187
20 $0 $235,750 $30,000 $265,750 7.0% 0.258 $68,675
21 $0 $235,750 $0 $235,750 7.0% 0.242 $56,937
22 $0 $235,750 $0 $235,750 7.0% 0.226 $53,212
23 $0 $235,750 $0 $235,750 7.0% 0.211 $49,731
24 $0 $235,750 $0 $235,750 7.0% 0.197 $46,477
25 $0 $235,750 $30,000 $265,750 7.0% 0.184 $48,964
26 $0 $235,750 $0 $235,750 7.0% 0.172 $40,595
27 $0 $235,750 $0 $235,750 7.0% 0.161 $37,939
28 $0 $235,750 $0 $235,750 7.0% 0.150 $35,457
29 $0 $235,750 $0 $235,750 7.0% 0.141 $33,138
30 $0 $235,750 $30,000 $265,750 7.0% 0.131 $34,911

TOTAL $7,806,560 $7,072,500 $180,000 $15,059,060 $10,796,726
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TABLE SW-3-A
ALTERNATIVE SW-3 COST ASSUMPTIONS

SURFACE WATER MONITORING AND PROVIDE ALTERNATE HABITAT
INDUSTRI-PLEX MSGRP FEASIBILITY STUDY

WOBURN, MASSACHUSETTS

COST ESTIMATE BASIS

1.1 Property Acquisition Price per acre based on selling price of commercial property in the vicinity of site.
1.2 Site Prep, Equipment Mob/Demob, Layout Site preparation includes construction of access roads/haul roads where necessary, clearing and 

grubbing, installing erosion and sedimentation controls at perimeter of work area, and all other 
activities required to prepare site for excavation and wetland construction.

1.3 Excavate Wetland Assumes excavation of approximately 4 feet of soil to create wetland habitat.
1 acre = 43,560 SF.  43,560 SF * 4 LF = 174,240 CF ≈ 6,500 CY.

1.4 Haul to Stockpile Area Excavated soil hauled to a stockpile area within 1/4-mile of excavation site.
Assume bulking factor of 1.25 for excavated soil.

1.5 Load for Off-Site Disposal Load soil into trucks for off-site transport.  Clean material assumed for reuse at off-site location.
1.6 Stockpile Management Mangement of stockpiled soil with dozer, FE loader.
1.7 Analyze/Test Fill and Topsoil One sample collected from each 500 CY of fill and topsoil material to verify no contaminants present.  

Samples analyzed for VOCs, SVOCs, and metals.
1.8 Import, Place, and Grade Topsoil Topsoil imported and placed into wetland with minimal compaction

One-foot of topsoil to cover wetland.  43,560 SF * 1 LF = 43,560 CF ≈ 1,600 CY.
1.9 Import and Install Coir Logs Coir logs placed at perimeter of wetland area at the mean annual water level to stabilize edges of 

wetland and provide planting substrate for wetland vegetation.
Assume 1 acre parcel roughly square with ≈ 200 LF sides.  800 LF coir logs / 10 LF/log ≈ 80 logs.  
Assume 100 logs to provide safety factor.

1.10 Import and Install Coir Fiber Mats Coir fiber mats would be placed at the base of the wetland area to provide soil stabilization throughout 
the new wetland area until vegetation is established.  Coir mats will also hold water so that the 
underlying soil does not dry out.
1 acre = 43,560 SF ≈ 9,000 SY.

2.1 Four Additional 1-Acre Wetlands to Provide 5 
Acres Total

Subtotal from Section 1.0 multiplied by four to estimate construction of five acres of wetland on five 
separate parcels of land.

DESCRIPTION

CAPITAL COSTS (TABLE SW-3)
General Assumptions

Capital costs for Alternative SW-3 would involve the purchase of land (5 acres) and construction of wetlands on this land as compensation for the lost 
ecological habitat in the HBHA Pond.  For the purpose of estimating costs for the FS, it was assumed that purchase of one parcel of land that is 5 
acres in size would not be feasible given the limited availability of undeveloped land in the watershed and the cost of property in the area.  Therefore, in 
Section 1.0 below the cost for 1 acre of created wetland is estimated, and in Section 2.0 this cost is multiplied by four to estimate the cost to purchase 
land and construct wetlands on five separate one-acre parcels.

As described on Table SW-2-OM, surface water samples would be collected twice per year from each of the ten stations during a storm event to monitor the 
transport of particulate arsenic and suspended solids during storm events.  The assumptions that were used to develop these costs are provided on Table SW-
2-OM.

1.0  Provide Alternate Habitat

2.0  Alternate Habitat (Based on Section 2.0)

OPERATIONS AND MAINTENANCE COSTS (TABLE SW-3-OM)
OM.1.0  Base Flow Surface Water Monitoring Costs

The surface water monitoring program that would be implemented under Alternative SW-3 would be the same as described for Alternative SW-2.  The 
assumptions that were used to develop costs for this monitoring program are provided on Table SW-2-OM.

OM.2.0  Storm Event Surface Water Sampling
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